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Foreword 



The task which faced the Commission on Marine Science, Engineering and Resources was one of 
unprecedented complexity and scope-to “make a comprehensive investigation and study of all aspects 
of marine science in order to recommend an overall plan for an adequate national oceanographic 
program that will meet the present and future national needs.” 1 To meet this assignment, the 
Commission necessarily needed to reach outward to tap the best thinking in a host of disciplines and 
fields of interest and to array volumes of specialized data. 

The Commission approached this task by forming seven working panels from its membership. Each 
of the panels, aided by staff and consultants, assumed responsibility for a major area of interest: basic 
science; environmental problems; education, training, and manpower; industry and private investment; 
marine engineering and technology; marine resources; and international aspects of marine activities. Thus 
the panels were the principal mechanism for assessing the status of marine matters, for identifying 
opportunities and problems, and for proposing measures to be taken. The reports prepared by the panels 
constituted the primary source material upon which the Commission based its own Final conclusions. 

Throughout the period during which the panels conducted their separate studies, the Commission 
met as a whole to review and evaluate critically the findings and recommendations of these task forces. 
The continuing discussion and review assisted the panels in identifying needs for additional information, 
for clarification, and for reassessment of tentative views; they provided a means for coordination of 
panel activities; and, most important, they served as an educative process that prepared the Commission 
as a whole for the preparation of its final report. However, it was recognized from the outset that it was 
neither necessary nor desirable for the several panels to reach total consistency in their proposals or for 
the proposals to be fully consistent with positions later taken by the Commission as a whole. Although 
the panels have been guided in their work by the comments of the entire Commission, each panel is 
solely responsible for its own report. In considering the recommendations advanced by its panels, the 
Commission adopted some without modification, rephrased or modified others and, in some cases, took 
no position. 

During their investigations, panel members and staff contacted more than 1 ,000 individuals, many 
of whom made major contributions to the preparation of these reports. The Commission is deeply 
indebted to its panels for the thoroughness and comprehensiveness of reports. The panels in turn wish to 
acknowledge their debt to the many contributors to the work. 
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Introduction 



Marine affairs embrace a multitude of interrelated activities and interests which defy simple 
categorization or analysis. The term embraces several broad areas of program interest-the coastal zone, 
development of marine resources, exploration and understanding of the total global air-sea envelope, and 
prov.sion of services-which became the major categories used by the Commission in organizing its 
report. However, attention was also necessary to the many activities contributing to the achievement of 
each of these programs: to basic science, fundamental and applied technology, manpower development, 
and observation and prediction systems. Appraising and planning the national effort also required 
consideration, of the purposes to be served by each activity and program and of the institutional 
arrangements for action, including both national and international law and organization; private 
industry; academic institutions; capital markets; and Federal, State, and local governments. 

The assignments of the Commission's panels represent a necessarily arbitrary division of the 
Commission's total field of interest. To assure that as many perspectives as possible were brought to bear 
on each problem, the assignments were intended to be somewhat open-ended, and it was not uncommon 
for several panels to approach similar matters from their several viewpoints. Thus an interest in the 
economic payoffs from marine activity appears In all the panel materials. The status of marine industries 
is reviewed in the Report of the Panel on Industry and Private Investment; opportunities for improved 
returns through application of new technology ate considered by the Panel on Marine Engineering and 
Technology; industrial efficiency in meeting resource needs is considered by the Panel on Marine 
Resources; and so forth. 

Another matter of common interest was con. deration of the most appropriate Federal 
organization to carry forward an expanded marine program. Recognizing that its organization plan must 
necessarily meet a variety of needs, the Commission did not establish a separate panel to investigate this 
subject but reserved it for consideration by the Commission as a whole. However, the Commission 
encouraged all panels to identify organizational implications of their proposals. This commentary is 
included In their reports. 

The field work of the panels was concentrated ’argety during the period September 1967 through 
March 1968. Report preparation corlinued during the spring and summer, with the cutoff date ranging 
from October to December for panel materials. 

Because preparation of panel reports preceded the Commission's final statement, findings and 
recommendations of the panels differ in some cases from those advanced in the Commission report 
rendered Jan 9, 1969, to the President and the Congress. For example, the Panel on Marine Engineering 
and Technology suggests IS National Projects. In reviewing the Panel's proposals, the Commission 
selected five pt ejects for Immediste implementation and recommended five for more detailed feasibility 
studies. Further, the Commission redefined the concept of “National Project" to embrace an additional 
project -construction of test facilities, which had not been so defined by the psnel-and recast five panel 
National Projects as recommendations for applied technology programs to satisfy related needs 
identified by other panels. Such shifts in emphasis and terminology were a natural result of the 
Commission's distillatko of the great variety of panel recommendations. 

Although the Commission did not adopt all elements of its panel reports, the studies provided 
valuable background material for its report, “Our Nation and the Sea," and will be valuable to all who 
wish to examine further the many aspects of ou: nation and the sea. 
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Preface 



The Panel on Bash Science and Research 
gathered information through public hearings 
across the Nation, in concert with th3 Panel on 
Environmental Problems; through correspondence 
with a cross-section of the industrial, academic, 
Federal and State scientific communities; from 
authoritative reports reflecting the expertise of 
groups which have previously explored the topic; 
and from a variety of interviews conducted by 
members of the panel, its staff, and consultants. 

More than 175 replies were received to letters 
sent to approximately 500 persons whose knowl- 
edge and opinions of the problem were solicited. 

The panel also is indebted to the authors of the 
following reports, from whose pages substance was 
given to its own efforts: 

Effective Use of the Sea , Panel on Ocean- 
ography, President's Science Advisory Committee, 
June 1966. 

Oceanography 1966 - Achievements and 
Opportunities, National Academy of Sciences/Na- 
tional Research Council, 1967. 

Marine Science Affairs - A Year of Transition , 
First report of the President to the Congress on 
marine resources and engineering development, 
February 1967. 

The Ocean Science Program of the U. S. Navy , 
Office of the Oceanographer of the Navy, June 
1967. 

Marine Science and Technology: Survey and 
Proposals, Report of the U. N. Secretary General 
to the Economic and Social Council, E/4487, 
April 24, 1968. 

The Oceanographic Operations Program of the 
U. S. Navy ; Office of the Oceanographer of the 
Navy, December 1967. 

National Marine Sckrces Program, hearings 
before the subcommittee on oceanography of the 
Committee on Merclr Marine and Fisheries, 
House of Representatives 90u. Congress, 1968. 

Marine Science Affairs , A Year of Plans and 
Progress , Second report of the President of the 
Congress on marine resources and engineering 
development, March 1968. 



The Role of Academic Institutions in the 
Development of Marine Resources and Tech- 
nology , Report of the Council of Oceanographic 
Laboratory Directors, Sept. 12, 1967. 

In addition, the National Academy of Sciences 
Committee* on Oceanography contributed a 
lengthy updating of its report Oceanography 1966 
for the use of the panel. 

Public hearings were held in Washington, 
Boston, New York, Miami, Chicago, Houston, La 
Jolla, and Seattle, with testimony by representa- 
tives of Federal and State agencies, universities, 
industry, and others. It is not possible to acknowl- 
edge all those whose contributions are represented 
here; they number more than three hundred. 
Without their help, this report could not have been 
compiled. The panel expresses its sincere gratitude. 
However, we would especially like to express our 
deep appreciation to the consultants who worked 
closely with us: Dr. Karl K. Turekian of Yale 
University; Dr. H. W. Menard and Dr. Walter Munk 
of Scripps Institution of Oceanography; Dr. W. 1. 
Aron of The Smithsonian Institution, and Dr. 
W. D. McElroy of Johns Hopkins University. 

In addition, we would like to single out others 
for their special assistance: Dr. S. F. Singer, 
Deputy Assistant Secretary of the Interior; Dr. 
M. B. Schaefer, Science Advisor to the Secretary 
of the Interior; Dr. R. Revelle, Director of The 
Center for Population Studies, Harvard University; 
Dr. J. Calhoun, Chairman of the Committee on 
Oceanography, National Academy of Sciences; Dr. 
J. Lyman, consultant; and Mr. R. Vetter, Execu- 
tive Secretary of the Committee on Oceanography, 
National Academy of Sciences. 

This report could not have been written with- 
out the dedicated assistance of our Executive 
Secretary, Mr. John Dermody. Details of our 
hearing schedules and the names of our witnesses 
can be found in Appendix B. 

Dr. Robeit M. White, Chairman 
Dr. John A. Knauss 
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I. INTRODUCTION 

Our understanding of the oceans is severely 
limited. The imperatives of our time, however, 
dictate that we turn to the oceans to seek 
solutions to problems which are acute today and 
which will become more intensified. The panel has 
sought to clarify the present state of basic marine 
science and to assess its relationship to the 
Nation’s needs as a step toward the formulation of 
a coherent National policy designed to serve not 
only the needs of the hour but those of the future. 
The panel is impressed with the way the marine 
science enterprise has been conducted but it also 
finds a need for change. The ways of the past and 
present cannot meet the needs of the future. 

A lack of understanding of marine processes 
constitutes a bar to action on programs vital to 
National needs. National security, resource require- 
ments, the protection and welfare of the public, 
and the need to preserve and use effectively 
marine estuarine and coastal zones all depend 
fundamentally upon an understanding of the 
marine environment. 

It is imperative that intellectual and scientific 
competence be recognized as the touchstone of 
future greatness. No society can shape the future 
without it; any great society must be prepared to 
direct part of its energies to understanding itself 
and its environment. 

In the light of these circumstances, basic marine 
science has a legitimate claim upon the Nation’s 
science resources. 

II. THE MARINE SCIENCE ENTERPRISE 
TODAY 

The marine science enterprise in the United 
Slates is vigorous and diversified. Research and 
development sponsored by the Federal Govern- 
ment accounted for $249.5 million in Fiscal Year 
1968, an increase of $55 million over FY 1966. 

The Federal agencies principally involved in 
basic marine science are the National Science 
Foundation, the Department of Defense, and the 
Department of the Interior. Other Federal agencies 
are substantial but smaller participants. 



The enterprise has been growing rapidly. Ex- 
cept for the National Science Foundation, each 
Government agency with an interest in the field 
undertakes mission-related marine science pro- 
grams. They also maintain in-house laboratories. 

The scientific community is arranged in as 
complex a manner as the Federal structure with 
which it is strongly involved. Ocean science is 
actively pursued in large, small, old, or new 
institutions, in recognized oceanographic institu- 
tions, and in classical science departments at 
universities. 

Scientists applaud the diversity of science fund- 
ing; but they foresee a need for arrangements to 
accommodate “big science” and they see no 
mechanism capable of meeting its demands. 

The marine science enterprise, in short, is 
healthy, energetic and diversified in comparison 
with a decade ago. It is beset with the normal 
strains of a quickly growing field. The panel also 
finds, however, that current National financial 
stresses are beginning to inhibit its growth. The 
period of rapid growth of the first half of the 
decade of the sixties has stopped. 

III. basic science-key to understand- 
ing OUR PLANET 

Our physical home is a composite of interacting 
earth, sea, sun, and air, and an understanding of the 
oceans as a major link in the indivisible whole is 
vital to any real comprehension of the planet. 
Many of this planet’s secrets lie locked in the seas. 

While interest in ocean science has been grow- 
ing, its origins have been largely pragmatic; hence 
the pursuit of understanding has been auto- 
matically relegated to a lower priority in the 
national effort. Understanding our planetary 
oceans is a vital goal of the marine science effort. 

Recommendation: 

The Nation should establish as a major goal the 
advancement of an understanding of the planetary 
oceans as a principal focus for its basic marine 
science effort. The proposal by President Johnson 
for an International Decade of Ocean Exploration 
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b an excellent concept through which thb major edge necessary to plan and Implement programs 
goal can be achieved, for their protection and preservation. 



IV. BASIC SCIENCE-KEY TO ACTION 

The principal programs advocated by the Com- 
mission go to the heart of important segments of 
our National life. They would be seriously im- 
peded— and in some cases defeated-by ignorance 
of basic oceanic processes. The acquisition of 
fundamental knowledge represents the only hope 
of success. 

A. Basic Science and the Near Shore Waters 

The effective use of U.S. coastal and estuarine 
zones and the Great Lakes is among our most 
urgent marine problems; these are some of the 
most valuable areas in the Nation. There are many 
conflicts among uses and users, and a prerequisite 
for any rational use of these waters is an under- 
standing of the consequences of one use on others. 
In many cases, necessary knowledge is lacking and 
here the panel senses a great need for action. 

Recommendation: 

A much expanded basic research effort should be 
instituted in all marine science problems related to 
estuaries, coastal zones and the Great Lakes, the 
effects of pollution, and the effects of changes in 
the physical system on living resources. 

1. Changing the Shape of the Coast 

Much of our coastline is considered poorly 
protected or endangered, although the Nation has 
invested substantially in its upkeep. It is being 
eroded both by nature and man. It is necessary to 
predict more precisely the consequences of 
nature's actions and man's. There is a requirement 
to know much more about the physical processes 
that shape our coastlines and estuaries. 

Recommendation: 

Each Federal agency concerned with near shore 
waters should devote a considerably higher per 
cent of its funds to basic research in the physical 
processes whkh shape our coastlines and estuaries. 
This will insure the availability of essential knowi- 



2. Polluting the Waters 

Man has brought profound upheaval in the 
natural balance of our environmental forces, an 
upheaval which perils his own well-being and 
which may pose even greater danger in the future. 
Environmental changes are usually gradual but 
they are also seldom soon reversible simply by 
ceasing the activities that generated them, Thu 
estuaries and the Great Lakes are seriously af- 
fected by waterborne pollution. 

Attack on these problems must be accompanied 
by an increased level of basic research on the 
dynamics of estuarine waters, identification of 
pollutants, and the tracing of their effects. The 
problem of marine pollution cannot be solved in 
isolation from the more general problem of wider 
ttaue management and control. Whatever solu- 
tions are proposed for the whole spectrum of 
environmental pollution, key elements of knowl- 
edge must be available on the processes in estua- 
rine and near shore environments. 

Recommendation: 

The Nation should undertake a much enhanced 
program of basic research into the dynamics of 
estuarine waters, the identification of specific 
pollutants and the tracing of their effects, both on 
individual species and ecosystems, and on the 
mechanisms through which organisms in the estua- 
rine ecosystem take up and accumulate various 
kinds of pollutants. 

3. Fish Habitats 

The conservation and management of fisheries 
is vitaliy dependent upon knowledge of the near 
shore environment as habitats. The relationship of 
the biota to physical changes in the estuarine 
environment constitutes a major problem. Careful 
research on habitat preference and the effects of 
natural and man-made disturbances are needed. 

Such information cannot be obtained over the 
short term. The Nation needs natural laboratories 
for long-term study of the rhythms and relation- 
ships governing the estuarine environment. It is 
urgent that the Nation set aside enough such 
estuaries to provide these natural laboratories. 
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Recommendation: 

Specific representative sites should be selected for 
careful, prolonged study to permit the accumula- 
tion of basic knowledge essential for understand- 
ing the statics and dynamics of the coastal regime. 

B. Development of Living Resources 

Providing food for a burgeoning world popula- 
tion is one of the most critical problems facing 
mankind. Insuring adequate supplies of fish can 
contribute In significant ways to the solution of 
these problems. 

1 . Fisheries-Traditional and New 

Efficient management of traditional fisheries 
depends upon additions to basic understanding, 
particularly the relationships between environ- 
mental conditions and infancy and egg survival. It 
is necessary to understand the interaction of 
competitor-predator systems. Better correlations 
between environmental conditions and fish abun- 
dance, accompanied by better monitoring and 
prediction, should enable fish.rmen to work more 
productively and efficiently. 

The most urgent need for scientific information 
in new fisheries is for rapid means of stock 
assessment. 

Recommendation: 

A continued and expanded effort should be 
directed toward achieving a basic understanding of 
such key problems as fish population dynamics, 
the effect of environmental conditions on fish 
population, and the dynamics of multi-species 
systems under predation. 

2. Aquaculture 

Progress has been severely limited by the lack 
of information on the genetics and breeding of 
potentially valuable species, food requirements of 
juvenile organisms, disease, and optimum environ- 
mental conditions. 

Recommendation; 

Major new efforts directed toward the understand- 
ing of the reproduction, growth, and development 



of potentially exploitable marine organisms should 
be undertaken to provide the base of understand- 
ing and technology necessary to make the 
products of aquaculture more available. 



C. Development of Mineral Resources 

The principal limitations are in technology, 
exploration, and economics. Further exploitation 
depends to a great degree upon the preparation of 
adequate inventories. The principal needs are for 
topographic, geophysical, and geologic mapping 
and charting. 

Little is known about the mechanism of forma- 
tion of materials on the deep ocean floors, 
especially the ferro-manganese nodules. 

Recommendation: 

The basic science effort required to achieve the 
understanding of the planet (see Basic Science- 
Key to Understanding Our Planet) should be 
supported as a necessary National effort to p: wide 
the basic geological and geophysical knowledge of 
the oceans required for the National program of 
marine mineral resource development. 



D. Environmental Monitoring and Prediction 

The need for an environmental observation and 
prediction services goes far beyond marine in- 
terests, although they are vitally concerned. Three 
major problem areas require immediate expansion 
of basic research: The interchange of matter and 
energy between sea and atmosphere, the dynamics 
of ocean currents, and the nature of different 
scales of motion in the sea. Environmental mon- 
itoring is technology-limited; environmental pre- 
diction is science-limited. 

Recommendation: 

Extensive field experiments should be conducted 
to describe physical processes associated with 
ocean fluctuations. Parallel efforts in geophysical 
fluid dynamics should be mounted which can 
provide the theoretical and practical framework 
for the establishment of physical techniques for 
ocean prediction. 
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1. Air-Sea Interaction 

Many types of exchange between ocean and 
atmosphere need to be studied in detail. This 
information is important in terms of our ability to 
predict the state of the oceans, on the one hand, 
and the state of the atmosphere on the other. 

Recommendation: 

The Nation should continue to place a high 
priority on comprehensive field experiments to 
understand air-sea interaction processes. 

2. Dynamics of Oc-an Currents 

An attack, on the problems of predicting fluctu- 
ations in major ocean currents will require both 
extensive series of field observations tn describe 
their actual behavior in nature and supporting 
research in geophysical fluid dynamics to account 
for the observed properties of the currents in 
terms of the inputs of thermal, tidal, and wind 
energy on a rotating earth. It is time to marshal 
the Nation’s scientific and technological capabili- 
ties to plan comprehensive attacks on outstanding 
problems of ocean circulation dynamics, both in 
the field and in the laboratory. 

Recommendation: 

The Nation should undertake a series of systematic 
investigations into the oceans’ current systems to 
study their dynamics through cooperative field 
investigations, marshalling at one time multiple 
ship, buoy, and aircraft arrays, as well as an 
expanded effort in the theoretical and mathemati- 
cal modelling of such systems. 

3. Scales of Motion 

A complex pattern of small scale motions 
appears to be responsible for most mixing in the 
sea. Further investigation is needed to account in 
detail for the mechanisms by which they are 
produced and by which energy is transmitted from 
one type to another. The time appears to be at 
hand when technology will permit a major assault 
on this problem. 

Recommendation: 

There should be initiated as soon as possible a 
well-defined program to study oceanic scales of 



motion and such a study should be one of the 
early foci for the test of the elements of the 
National buoy program. 



V. BASIC MARINE SCIENCE AND NATIONAL 
SECURITY 

The Nation's security has been fundamentally 
tied to the ability of its Navy to operate in and 
under the sea. There is hardly an area of marine 
science which does not bear directly on the 
effectiveness of its operation. It is largely through 
the Navy’s support that the Nation's eminence in 
basic marine science is maintained. The Office of 
Naval Research has played a historic and unique 
role in the Nation's marine science growth. 

The effectiveness of tomorrow's Navy will be 
determined in large part by the level of scientific 
and technological understanding of the marine 
environment and all aspects of basic science in this 
area are of immediate and long-term concern to it. 

The panel strongly urges that the Navy take the 
broadest possible view of its obligations to support 
basic marine science. 

Recommendation: 

The Department of Defense should continue to 
recognize, as it has in the past, the vital nature of 
all aspects of basic marine science research to its 
naval missions, and adopt the broadest possible 
view of its obligations to insure that the National 
basic marine science effort meet not only its 
short-term needs but all possible future require- 
ments for marine information. It also should 
continue to function as one of the cornerstones 
for the support of the Nation’s baric marine 
science effort. 

Acoustical energy is known to propagate over 
long distance in water; electromagnetic energy 
does not. Our capability to develop techniques and 
equipment which will enable us to use acoustical 
energy as a basis for detection depends on our 
knowledge of how the ocean structure affects such 
energy propagation. 

The Navy has given prime attention to this area, 
and its detection capabilities are formidable. 'Tie 
importance of the problem cannot, however, be 
overstated. The panel, recognizing the extensive 



effort now maintained by the Navy in the field of 
underwater acoustics, nevertheless feels that our 
understanding of the inhomogeneities of the ocean, 
the effect of the biota and the boundary between 
air and water, and the effects of bottom topog- 
raphy in terms of acoustic scattering, reflection, 
and refraction, can be significantly improved 
through additional research. 

Recommendation: 

The Navy should maintain and, as required, 
expand its underwater acoustic research program. 

VI. TECHNOLOGY AND MARINE SCIENCE 

Basic science and marine technology have failed 
to achieve the level of partnership necessary to the 
advancement of many fields of marine science. 
Only marginal attention is paid to provision of the 
kind of modern engineering support required by 
the growing problems of ocean science, although 
industry has a vigorous marine and general engi- 
neering competence. Too few engineers have been 
brought into the field to work on basic science 
problems, although much technology and engi- 
neering developed for other purposes is susceptible 
to marine science use. This lack is limiting develop- 
ment in some areas. The marine science com- 
munity seems to be willing simply to use whatever 
technology is available. Basic marine science has 
important needs for special technology, and 
should recognize the fact and make the needs 
known. 

Recommendation: .<• 

Efforts should be initiated to increase participa- 
tion of the private sector in instrument develop- 
ment and other marine engineering work. The 
major academic institutions should establish, or 
insure access to, groups with advanced engineering 
competence to work closely with marine science 
groups. Some technology development should be 
encouraged purely for the achievement of a better 
understanding of the oceans. 

VII. EDUCATION AND TRAINING 

The Nation has a healthy program of graduate 
training in marine science, sufficient to support an 



immediate expansion in basic science. Neverthe- 
less, over the long term, a fully developed national 
program of basic research must be accompanied by 
an adequate level of trained manpower. 

The basic science effort is no limited by the 
availability of research manpower trained at ocean- 
ographic institutions; a great many researchers re- 
ceive their doctorates in other disciplines. An 
important part of the arrangements for an ex- 
panded program of professional training must be 
provision for support of postdoctoral programs at 
marine science research centers. 

The supply of oceanographic technicians, 
particularly of sea-going technicians and those 
competent to operate and maintain sophisticated 
research devices, is likely over the short term to 
prove the most critical manpower area in the field. 

Recommendation: 

The major educational institutions should be 
encouraged to maintain the vigor of graduate and 
postdoctoral programs; estuarine and coastal 
research centers should develop appropriate train- 
ing programs in their specialties; additional train- 
ing programs for marine technicians should be 
created. 

VIII. INSTITUTIONAL NEEDS 

Available institutional arrangements are ex- 
tremely diverse, and represent a sound base on 
which can be built other arrangements to meet 
growing needs. They are, however, not now 
adequate to a task of the magnitude envisioned by 
the panel. There is emerging a need for arrange- 
ments designed to cope with the problems of “big 
science * 1 and those of a local nature. 

It is in the general area of facility support that 
the panel sees some of the greatest obstacles facing 
the research community today. 

A. The Need for Diversity 

Important discoveries have been made virtually 
across the spectrum of scientific institutions. 
There is no one best way to produce ocean- 
ographic scientists or oceanographers. It would be 
a mistake to support one institutional arrangement 
to the exclusion of the others. It would be 
incorrect to suggest that all or even most progress 
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will be made in a single class of laboratories or by 
persons with a particular type of training. There is 
a need for various kinds and sizes of marine 
laboratories in the Nation. 

Recommendation: 

The present variety of institutional arrangements 
for the development and support of oceanography 
is good and should be nurtured. Furthermore, as 
the horizons of oceanography continue to expand, 
new institutional arrangements can be encouraged. 

B. University-National Laboratories 

A small number of oceanographic institutions- 
large, well staffed and relatively well financed- 
have been largely responsible for U.S. leadership in 
marine science. They represent a major National 
investment. In planning institutional arrangements, 
it is in the National interest to build on present 
sources of strength and experience. These out- 
standing institutions will remain a vital part of the 
base, and will be centers around which rapid and 
energetic growth can occur. 

There is a need for large laboratories equipped 
to undertake any tasks of a global, national or 
regional nature, and to institute new and imagina- 
tive programs. 

The Nation should designate a small group of 
institutions which should include, but not be 
restricted to, those which today provide the 
National leadership as “uniyersity-National labora- 
tories.” They should be distributed geographically 
to cover different parts of the ocean effectively 
and should receive adequate “institutional sup- 
port,” in return for which they would serve the 
needs of those affiliated with other scientific 
institutions. . : . 

The laboratories should contain the necessary 
engineering staffs and support facilities, or should 
be able to arrange for close affiliation with 
engineering groups. 

Recommendation: 

A small group of institutions, which should in- 
clude but not be restricted to the acknowledged 
leaders, should be designated “university-rotional 
laboratories.” They should be distributed geo- 
graphically to cover different parts of the ocean 
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and should be provided with adequate facilities for 
undertaking global deep ocean programs in basic 
science. Their facilities should be available to 
scientists at other universities and Federal labora- 
tories for related basic science activities. They 
should be accorded adequate Institutional support 
for maintenance and operation, and in turn should 
commit themselves and their facilities to serve 
needs of scientific groups affiliated with other 
institutions. Such an institutional arrangement will 
insure that the Nation’s lerding oceanographic 
institutions will be provided adequate resources 
and support to insure their continued health and 
vigor. 



C. Coastal and Estuarine Laboratories 

Coastal lands are some of the Nation’s most 
desirable. The problems of estuaries and near- 
coastal areas are principally, but not entirely, local 
or regional. , . 

There is a need for the establishment of coastal 
zone research institutions in association with 
appropriate academic institutions to provide the 
basic understanding of coastal and estuarine 
processes so that Federal, State, and local govern- 
ments can have available information on which to 
base rationally their management procedures. 

There is sufficient difference in problems be- 
tween areas that there should be a university 
laboratory devoted to basic and applied marine 
science located on every major estuarine system. 
The Sea Grant College Program is well suited for 
the support of the complex of coastal zone 
laboratories. It is not necessary that they be 
identical in size and scope. 

Recommendation: 

A network of estuarine and coastal zone research 
institutions should be established in association 
with appropriate academic institutions to under- 
take the basic and applied research on estuarine 
processes so that State and local governments can 
have information on which to base management 
procedures rationally. These facilities need not be 
large in size but should have adequate facilities and 
staff sizes exceeding the critical limit to maintain 
stable programs. Their activities should be sup- 
ported under the Sea Grant College Program. 
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D. Federal Laboratories 

Federal laboratories are necessary to provide 
Federal agencies with the capability for carrying 
out their missions. If they are to be responsive to 
the opportunities as well as the needs of basic 
science, they should continue to devote some of 
their effort to basic research problems. Such 
practices are also necessary to attract and maintain 
a high level of scientific competence within these 
laboratories. 

Agency support for extramural research should 
avoid competitive struggles over fund allocations 
between its in-house and its extramural con- 
tractors and grantees. Federal research programs 
need flexibility which only outside grants and 
contracts can provide. 

There is a need for Federal laboratories large 
enough to meet the Government's requirements. 
Many Federal laboratories are understaffed and 
underfinanced. There should be fewer, stronger, 
adequately equipped and staffed Federal labora- 
tories. 

The practice of siting new Federal laboratories 
close to university centers should be followed. 

Recom nendation: 

y/ ~ 

Federal laboratories should be strengthened by 
moving In the direction of fewer but stronger 
laboratories adequately funded and staffed with 
even closer affiliation with academic institutions. 
Steps should be taken to provide an atmosphere in 
these laboratories conducive to attracting first- 
rank scientists by providing the necessary flexi- 
bility at the scientific leadership level. 



IX. FEDERAL SUPPORT SERVICES 

Basic marine science depends on the existence 
of technical support services, usually provided by 
the Federal Government, to meet many needs 
beyond those of research. Among the most im- 
portant are those dealing with mapping and 
charting, navigation, and data management. 

A. Mapping and Charting 

The President’s proposal for an International 
Decade of Ocean Exploration will involve exten- 
sive mapping and charting of the deep oceans as 



well as the continental shelves and slopes. The 
panel’s proposal to establish as a major U.S. goal 
the understanding of the planetary ocean will be 
closely served by the proposed Decade and Us 
mapping and charting programs will be critically 
Important. 

The Federal Government today has no mech- 
anism whereby requirements of mapping and 
charting for basic science can be accommodated in 
connection with surveys conducted for other 
purposes. But with a minimum of additional 
effort, mapping and charting can, In many in- 
stances, satisfy certain needs of basic science. 
There is a ne?d for mechanisms by which Federal 
mapping and charting are kept under frequent 
review by the scientific community to insure that 
these efforts are also responsive to the needs of 
basic science. 

Recommendation: 

The mapping and charting activities of the Federal 
Government should be made as responsive as 
possible to the needs of basic science and media* 
nisms should be established whereby mapping and 
charting operations of the Federal agencies can be 
reviewed to Insure responsiveness to science needs. 

B. Navigation 

The Federal Government should establish a 
precise coastal navigation system which would be 
available to support scientific research in the 
oceans. Such a system would be of great utility to 
many other marine activities. The scientific com- 
munity should continue to work closely with the 
Navy in the perfection of the satellite navigation 
system as a supporting service for research and 
surveys on the high seas. 

The situation with regard to navigation over the 
outer continental shelves of the United States and 
in coastal waters beyond the capability of visual 
methods of position fixing is not as favorable. 

Recommendation: 

The Department of Transportation should proceed 
with the installation of a precise electronic navi- 
gational system sufficient to cover the entire 
coasts of the continental United States and Hawaii 
by the early 1970*s and of Alaska and the Bering 
Sea by the late I970’s. 



C. DataCenters 

Present systems do not meet the need for a 
coordinated system of data centers for archiving 
and retrieving oceanographic information. The 
efforts of the National Oceanographic Data Center 
and the Smithsonian Oceanographic Sorting Cen- 
ter and the National Weather Records Center have 
barely been able to keep up with the present rate 
of acquisition as well as the demands for data 
retrieval. 

1. National Oceanographic Data Center 

The inability of the National Oceanographic 
Data Center to carry out its mission effectively has 
resulted from its peculiar nature: funded by 
several Federal agencies with differing needs. 

The Center, while it should be aware of naval 
requirements and geared to serve the Navy as well 
as other government agencies, should be located in 
a non-defense agency, which should budget for 
and administer the funds necessary to maintain its 
basic operation in acquiring, coding, and storing 
data. Costs of work undertaken for non*Federal 
agencies should be borne by requesting groups to 
the extent of cost of reproduction. 

The storage and retrieval of data that do not 
primarily vary with time should not be concen- 
trated in a single agency, but should be left in the 
hands of their principal users. 

The National Oceanographic Data Center is not 
now involved in the management of real time 
ocean monitoring and prediction systems and 
should not become so involved in the future. 

2. National Weather Records Center 

The National Weather Records Center's primary 
mission is to archive the National and international 
weather records. Its marine functions incl ide the 
archiving and retrieval of *11 ocean weather, sea 
state, and sea surface temperature data. The 
National Weather Records Center has suffered over 
the years from the financial constrictions and is 
unable to meet fully the growing needs for marine 
data. 

3. Smithsonian Oceanographic Sorting Center 

- ' . > ■ . „="v y 

The Smithsonian Oceanographic Sorting C ' ^ t' 
is a service organization developed in response to 



the need for expediting the analysis of biological 
and geological samples. Sorted collections are 
shipped to specialists located throughout the 
world, permitting the effective use i f the small 
number of skilled taxonomists. The Center is 
supported both by direct appropriation and 
through contracts with several Federal agencies. 
Present funding levels permit the sorting of 
approximately 35 per cent of the samples received. 

4. A Coordinated System of Data Centers 

The needs of basic science for adequate data 
centers will require that the Federal Government 
insure that the activities of its principal marine 
data centers operate as part of a coordinated 
system. It is now a lengthy and difficult process to 
combine synoptic data from different data centers. 

Recommendation: 

The National Oceanographic Data Center, the 
National Weather Records Center, and the Smith- 
sonian Oceanographic Sorting Center should be 
adequately supported with funds to enable them 
to keep up with the growing volume of marine 
data and to take advantage of modem archiving 
and retrieval technology. This will permit the 
establishment of a closely linked coordinated 
system of marine data centers. The National 
Oceanographic Data Center should be organiza- 
tionally lodged in a non-Defense agency to permit 
it to meet the needs of the entire oceanographic 
commimity more effectively. The basic operations 
of the National Oceanographic Data Center should 
be funded by the agency in which it is lodged and 
work undertaken for other agencies should be on a 
reimbursable basis. 

X. FEDERAL AND INTERNATIONAL ORGAN- 
IZATION 

The panel has sought to determine whether 
Federal or international organizational arrange- 
ments meet the needs of basic science, and to 
identify organizational conditions representing 
obstacles to the effort. 

A. Structural Issues in Federal Organization 

Most scientists are satisfied with present institu- 
tional arrangements, but there are difficulties 
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within the structure for acquiring support for 
facilities, large interdisciplinary programs and engi- 
neering development. 

New requirements of marine science labora- 
tories for major facility support could be handled 
through the Navy and the National Science Foun- 
dation, given adequate funds. The panel, however, 
fears that the Foundation may become so over- 
committed to capital facility and institutional 
operation support that its flexibility would be 
limited. 

Recommendation: 

The major civil responsibility for providing institu- 
tional and facility support should be invested in 
the new agency ucommended by the Commission. 
The National Science Foundation should be re- 
lieved of this responsibflity. The Office of Naval 
Research should continue to provide the kinds of 
support it has in the past. Other Federal agencies 
should provide limited institutional and facility 
support. 

B. Structural Issues in International Organization 

Marine science affairs will ultimately require an 
intergovernmental body at the treaty level, per- 
haps as a separate specialized agency of the United 
Nations. The Intergovernmental Oceanographic 
Commission needs strengthening. 

Recommendation: 

Immediate steps should be taken to strengthen the 
Intergovernmental Oceanographic Commission as 
the principal Intergovernmental forum for marine 
science and to facilitate its collaborative efforts 
with other international intergovernmental groups. 
As an ultimate goal, a separate treaty organization 
should be established within the United Nations 
system for marine science and other suitable 
marine applications. 

C. Funding Support 

Every Federal agency which is responsible for 
marine research and maintains in-house capability 



should strike a reasonable balance between in- 
house and outof-house basic research. The ratio 
will vary, but within the basic research category a 
target of 50 per cent for each is reasonable. 
Competition should be minimized by establishing 
within each agency a separate office for out-of- 
house research programs. 

The new agency recommended by the Com- 
mission should create an office to fund institu- 
tional grants, facility support and engineering 
development. 

The specific programs recommended in this 
report clearly indicate that an increase of basic 
science funding is required to achieve the essential 
base of knowledge about the ocean environment 
for presently anticipated and future unanticipated 
uses. 

While it is difficult to assess the exact cost of 
this expanded effort, an analysis of the programs 
indicate that incremental funding for the 1970’s 
should show an annual increased spending level of 
approximately $200 million. Forty per cent of this 
increased funding would be for capital and oper- 
ating requirements of the University-National 
laboratories, 10 per cent for the coastal labora- 
tories, 15 per cent for in-house Government 
laboratories, and the remaining 35 per cent for 
increased Federal funding of other out-of-house 
research by the various agencies. 

Recommendation: 

The basic science effort of this Nation must be 
maintained and expanded to encompass the pro- 
grams described in this report. To achieve this an 
incremental increase of approximately 20 per cent 
per year for operating and capital expenditures 
should be maintained until the current basic 
science funding base has Increased by $200 million 
annually. 

Many institutions should continue to operate 
their own vessels. The Panel does not concur with 
the President’s Science Advisory Committee that 
all fleets be regional. The panel’s previous recom- 
mendation to designate university-National labora- 
tories will provide regional specialized facilities 
such as special purpose ships. 
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Chapter 1 Introduction 



. . . an unknown world at our doorstep ... our last 
frontier here on earth ... 

President Lyndon B. Johnson 

The global sea is indeed, as President Johnson 
has said, our final earthly frontier. Throughout 
recorded history, it has given much. We sail the 
seas; we fish them; we extract the oil beneath their 
depths. We struggle to protect ourselves against 
their hazards. We strive to learn their secrets. But 
an understanding of our oceans is severely limited; 
they still retain the aura of the mysterious. 

The imperatives of our time, however, require 
that we turn to the oceans to seek solutions to 
problems which are already acute today and will 
inevitably be intensified. Much of the world is 
hungry, and we must look to the oceans to help 
satisfy that hunger. An ever-increasing need for 
minerals presses inexorably upon us, but we know 
little of where, when, why, or in what quantity the 
riches of the ocean exist, or at what cost of 
extraction. Except for isolated instances, our lack 
of knowledge is a source of concern. 

As we crowd one another in our cities and seek 
more land for housing and industrial development, 
we crowd our near shores and estuaries. We dredge 
channels for harbors, and bury our oyster beds. We 
fill our wet lands and destroy the breeding grounds 




Figure 1. Miami Beach, Florida, September 
1947. A hurrlcane'driven wave towering 
many feet into the air smashet at approach 
to Baker V Hanlover Bridge Just north of 
Miami Beach as the tropical hurricane struck 
in full fury at the coastal resort city. (ESSA 
photo) 
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for marine organisms. We use the wattr to dump 
our wastes and in the process kill our fish. We 
flock to our coastline and expose ourselves to the 
storm surge and the hurricane. We build dams and 
breakwaters, and upset the equilibrium of our 
beaches. 

We are confronted today with many impera- 
tives which in turn raise an infinity of questions. 
Answers are to be found only through under- 
standing of the complexities of the interacting 
land, sea, and air and the biological and geological 
resources which are sustained by the rhythms and 
cataclysms of nature. 

High on the list of these imperatives is the 
defense of our Nation in a time of surpassing 
technology which has changed the oceans from a 
vastness of protection of our borders to a medium 
of stealth and menace. We must be able to detect 
and defend against undersea weapons of enormous 
destructive power. To detect, we must know how 
energy propagates through the fluid, how it is 
affected by the sea bottom and by living creatures. 

The surge of technology also compels us to 
confront a host of new problems whose solution 
will depend on the direction and vigor of our basic 
science effort. Paradoxically, the greater our tech- 
nological capabilities in the oceans become the 
greater the basic science problems become. 

Development of marine protein concentrate 
creates a need to insure adequate sources of raw 
material; it is necessary to develop better under- 
standing of the nature of organic matter in the sea, 
and its transfer through the food web. To increase 
man’s ability to live and work ever deeper in the 
sea, it is necessary to learn more of hyperbaric 
physiology. The proposed use of nuclear energy to 
create new harbors, modify shorelines, or dig 
canals demands new knowledge about possible 
long term ecological effects. The building of dams 
brings the necessity for better understanding of 
the supply of riverborne sediments and the conse- 
quent loss of beach sand. The technological ability 
to change or regulate the flow of fresh water into 
estuaries requires more knowledge of estuarine 
circulation. 

The National enterprise in marine science has 
not lacked its studies, analyses, assessments and 
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recommendations in the past. A steady stream of 
reports from such authoritative bodies as the 
National Academy of Sciences 1 and the President’s 
Science Advisory Committee* have reviewed, criti- 
cized, and recommended action. These reports can 
be said to have borne fruit, as indicated by the 
growth in the National investment in the marine 
enterprise. They have also provided a basis for 
critical evaluation by the panel, and without them 
its work would have been infinitely more difficult. 

Given these reports, the panel undertook to ask 
and answer policy questions which it believed were 
of overriding importance to the Nation’s marine 
science posture. This was done through public 
hearings, eliciting the information and opinions 
from leaders in the field, and from various other 
sources. The panel has sought to clarify the 
present state of basic marine science, and to assess 
its relationship to the Nation's needs as a step 
toward the formulation of a coherent National 
policy designed to serve not only the needs of the 
hour but those of the fiiture. 

In this task, the panel was confronted with a 
host of profound questions. What are the Nation’s 
marine interests likely to be for the rest of the 
century? Are they achievable with our present 
knowledge and understanding of the oceans? If 
not, where is our knowledge deficient? Are the 
deficiencies remediable over the time span? Are 
hey due to a lack of funds or technology, or just 
basic understanding? Are institutional arrange- 
ments at the Federal and local levels adequate to 
the tasks as perceived? What should be the role of 
the Federal Government and private agencies In 
marine science enterprise? How should the Federal 
Government ' ">t in bask marine science? Where 
should the . ment be made in terms of pro- 
gram priorities? What must be done to insure ade- 
quate levels of trained manpower for the tasks 
ahead? 



The panel cannot claim to have answered all 
these questions, but it hopes that the views and 
conclusions will provide a useful base from which 
the nation can move ahead. 

There are several overriding impresshns. 
Among them are the vigor and diversity of the 
National effort; the way it has operated to -eact to 
the real needs of the Nation, by its flexibility in 
some areas and its rigidity in others. In short, the 
panel is impressed by the way in which the 
enterprise has been conducted, but it also finds a 
need for change. The ways of the past and present 
r mot meet the needs of the future. 

Considerable thought has been devoted to 
determining the right bases for justification of 
present and projected levels of marine science 
activity. The panel has taken the following facts 
into consideration: Lack of understanding of 
marine processes constitutes a bar to action 
programs vital to National needs. National se- 
curity, resource requirements, protection and wel- 
fare of the public, and the need to preserve and 
use effectively the marine environment require 
achievement of an understanding of marine 
processes. 

We consider it imperative that intellectual 
and scientific capital be recognized as the touch- 
stone of future greatness. No society can dupe the 
future without it; any great society must be 
prepared to direct part of its energies to under- 
standing itself and its environment. Understanding 
the planet Earth is at least at important as 
understanding the planets of space, and the hope 
of ultimate return U greater. 

With these beliefs in mind, and cognizant both 
of National financial constraints and the compet- 
ing claims of all other areas of science, the panel 
his concluded that bask marine tctence has a 
legitimate claim against the Nation's science re- 
sources. 
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Chapter 2 The Science Enterprise Today 



Marine science, like most other science in 
America today, is a highly competitive field, a 
field so much in the spirit of the free enterprise 
system as to be an almost classic example. 

It has products, buyers, sellers, and a market- 
place. Its customers, for the most part, are Federal 
agencies; its sellers are scientists and scientific 
institutions; its products are ideas and programs, 
and its marketplace is Washington. 

In fiscal year 1968, marine research and de- 
velopment in the Federal Government accounted 
for an estimated $249.5 million, an increase of 
$55 million over 1966 or approximately a 28 
per cent increase in two years. This is exclusive of 
a $72 million investment in capital facilities such as 
ships, some of which will be used to support basic 
science. Funding of the National marine science 
program for 1966-1968 by various categories Is 
shown in Table 1. 

Table 1. PROGRAM PUN FOR 
MARINE SCIENCES AND TECHNOL- 
OGY BY FUNCTIONAL AREA 
On millions of dollars) 





1966 

actual 


1667 

est. 


1968 

est 


Research and 
development: 








Research .... 


122.3 


93.6 


117.7 


Development . . . 


72.4 


116.3 


131.8 


Subtotal .... 


194.7 


206.8 


249.6 


Investment: 

Ships 


29.4 


68.9 


22.6 


Major equipment . . 


9.1 


18.4 


29.8 


Shore facilities . . 


48 


14.6 


16.2 


Other ..... 


3.6 


2.0 


4.6 


SUbtOUl a a . « 


46.8 


103.8 


71.8 


Operations: 








Surveys 


68.6 


103.6 


101.6 


Services 


20.1 


19.6 


23.3 


Other 


2.9 


1.2 


1.6 


Subtotal. . . . 


91.9 


124.4 


126.4 


Grand Total . . 


333.4 


438.0 


447.7 



Source: 1967 and 1966 editions of Utrir* Scttot* 
AfhH. 



The major customers within the Federal estab- 
lishment are the National Science Foundation, the 
Department of Defense (principally the Navy), the 
Department of the Interior and its many marine- 
related bureaus. Other buyers of scientific pro- 
grams and projects inctude the Department of 
Commerce (Environmental Science Services 
Administration and Maritime Administration), the 
Department of Transportation (Coast Guard), the 
Atomic Energy Commission, and the National 
Aeronautics and Space Administration. The size of 
the market provided by each of the Federal 
agencies is shown in Table 2. The Department of 
Defense by far dominates the market, providing 
over half the total. However, a significant change 
can be observed as other aspects of marine science 



Table 2. TOTAL FEDERAL MARINE 
SCIENCE PROGRAM BY DEPARTMENT 
AND AGENCY (In millions of dollars) 1 





Estimated 
FY 1967 


Estimated 
FY 1968 


Department of Defense . 


277.7 


266.9 


Department of the Interior . 


64.1 


73.6 


National Science Foundation . 


24.8 


38.6 


Department of Commerce . . 


36.3 


38.4 


Department of Transportation 


8.3 


10.7 


Atomic Energy Commission . 


11.3 


12.7 


Department of Health, 






Education and Welfare . . 


7.7 


6.4 


Department of State. . . . 


6.1 


6.0 


Agency for International 






Development 


2.0 


2.6 


Smithsonian Institution . . 


1.6 


1.6 


National Aeronautics and 






Space Administration . . . 


.1 


1.6 


Total agency programs . . 


438.0 


447.7 


National Council on Marine 






Resources and Engineering 






Development 


40-91 


(0.9) 


Commission on Marine Science 






Engineering and Resources . 


(0.9) 


(0.4) 



'in this and *6 subsequent tables, details may not add to 
totils due to rounding. 
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become of interest to the Nation. The Defense 
share of the market is dropping. In 1967 Defense 
accounted for 63 per cent of the total while in 
1968 it accounted for only slightly more than SO 
per cent. 

The market may also be characterized by the 
funds being allocated to specific programs as 
indicated in Table 3. Presumably the amount of 

Table 3. TOTAL FEDERAL MARINE 
SCIENCE PROGRAM BY MAJOR 
PURPOSE (in millions of dollars) 



tion of global leadership in the field. Tables 4 and 
S show this Nation to be fust in numbers of 
oceanographic research vessels and in marine 
scientists engaged in research. 

Table 4. DISTRIBUTION OF OCEANO- 
GRAPHIC RESEARCH VESSELS BY 
COUNTRY 



Member State 
Reporting 



Number of Research 
Vessels (15 m. and 
larger) 





Estimated 
FY 1987 


Estimated 
FY 1968 


International Cooperation 






and Collaboration . . . 


7.1 


7.6 


Military Security .... 


161.8 


136.9 


Fishery Development end 






Seafood Technology . . 


38.1 


41.2 


Transportation .... 


11.9 


16.2 


Development of the 






Coastal Zone 1 .... 


21.4 


28.7 


Health 


6.6 


6.2 


Non-living Resources . . 


7.2 


8.1 


Oceanographic Research 2 . 


61.6 


78.4 


Manpower and Education . 


4.0 


7.2 


Environmental Observation, 






Prediction, end Services . 


24.4 


24.6 


Ocean Exploration, Mapping, 






Charting, and Geodesy . 


77.4 


74.6 


GenerN Purpose Ocean 






Engineering 


14.8 


18.2 


National Data Centers . 


1.8 


2.0 


Total 


438.0 


447.7* 



’indudet Short development, potation management, 
recreation. 



United States ...... 188 

U.S.S.R. 110 

Japan , 42 

United Kingdom ' 28 

Canada 22 

France 18 

Federal Republic of Germany. 17 

South Africa ...... 12 

Denmark 11 

Argentina 10 

Portugal • 10 

Norway 0 

Poland 0 

Sweden 0 

Australia 8 

Netherlands 8 

Venezuela 6 

New Zealand 6 

Thailand 6 



Source: Utrtnt Sthn ee and Ttchrtcttofy: Surrty and Pro- 
pouJt, Report of the Secretary General, United Nation* 
Economic and Social Council, April 24, 1968. 

Table 6. COUNTRIES REPORTING 60 OR 
MORE MARINE SCIENTISTS ENGAGED 
IN MARINE RESEARCH 



* Research beneficial to more than on* of tit* heeding* 



*.022 per cant Increase. 

funding In each program area it a measure of the 
priority assigned to it in the National effort. The 
overwhelming importance of National security it 
quite apparent. The priority assigned to general 
oceanographic research b gratifying, fn 1968 it 
totaled $78.4 million or nearly 18 per cent of the 
total National effort. 

This market his been trowing by almost any 
standards, and the United States occupies a posl- 



State 


Number of 
Scientists 


United States 


2,000 


Japan 


1,600 




1,600 


United Kingdom 


660 


Canada 


609 


Franca .......... 


476 


Federal Republic of Germany . . 


300 


Chila 


113 


Netherlands 


96 



O 
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The market is also extremely diverse. The 
marine sciences are important to many agency 
missions. Except for the National Science Founda- 
tion, each Government agency undertakes marine 
science programs relevant to its own mission. 

A summary of the interests of the Federal 
agencies with responsibilities in the marine area is 
shown in Table 6. A bibliography of current 
Federal research programs is given in Appendix A. 
Except for the National Science Foundation, these 
agencies also maintain their own research establish- 
ments in the form of in-house laboratories; here 
lies a source of some discontent, for the non- 
Federal scientific community tends to regard the 
Federal in-house laboratory as a form of unfair 
competition. 

Tabta 6. MARINE SCIENCE RESPONSIBILITIES OF THE FEDERAL AGENCIES 



Table 6 (Continued) 


Norway .......... 


95 


Australia ......... 


85 


China 


81 


South Africa 


78 


New Zealand 


71 


Argentina 


70 


Peru 


70 


Mexico 


67 


Monaco 


50 


Sweden 


60 


Austria 


45 to 65 


Source: Marine Science and Technology: Survey and 
Proposals, Report of the Secretary Central, United 
Nations Economic and Social Council, April 24, 1068. 



Agency 

DEPARTMENT OF DEFENSE . 

Navy; Advanced Research Projects Agency; 
Army Corps of Engineers. 



DEPARTMENT OF THE INTERIOR 

Geological Survey; Federal Water Pollution 
Control Administration; Bureau of 
Commercial Fisheries; Bureau of Sport 
Fisheries and Wildlifa; Bureau of Mines; 
Bureau of Land Management; National 
Park Service; Bureau of Outdoor Recreation; 
Office of Saline Water. 



NATIONAL SCIENCE FOUNDATION . . . . 



DEPARTMENT OF COMMERCE . 

Environmental Science Services Administration; 
Maritime Administration 



Mission 

All phases of oceanography relating to national 
security. 

Naval technology. 

Statutory Civilian Responsibilities: 

Great Lakes, river, harbor, coastal, and ocean 
charting and forecasting; Great Lakes, river, 
harbor, and coastal development, restoration, 
and preservation. 

Management, conservation, and development of 
marina natural resources. 

Measurement and enforcement of water quality 
standards. 

Acquisition, preservation, and development of 
coastal areas. 

Identification and development of technology for 
evaluation of mineral resources. 

Identification of sources and Interrelatlonshlpt for 
supply of fresh water. 

Basic and academic oceanography. 

Facilities support. 

Se* Grant Colleges and Programs. 

Environmental prediction and description; 
tsunami and hurricane warning. 

Charting and mapping of coastal and deep-ocean 
waters. 

Central responsibility for ak/sea Interaction 
program. 

Research on ship design, shipbuilding, and ship 
operations. 

Marina transportation and port system! 



Table 6 (Continued) 



Mission 



Agency 



DEPARTMENT OH TRANSPORTATION. . . . 
Coast Guard 
Office of the Secretary 



ATOMIC ENERGY COMMISSION 



DEPARTMENT OF HEALTH, EDUCATION, 

AND WELFARE 

Public Health Service; Office of 
Education; Food and Drug Administration. 

DEPARTMENT OF STATE . . . . . . 



AGENCY FOR INTERNATIONAL 
DEVELOPMENT ... . . 



SMITHSONIAN INSTITUTION 



NATIONAL AERONAUTICS AND 
SPACE ADMINISTRATION . . . 

NATIONAL COUNCIL OF MARINE 
RESOURCES AND ENGINEERING 
DEVELOPMENT . . . . . . 



port and at sea. 

Delineation and prediction of Ice masses. 

Navigation aids; oceanographic and meteorological 
observations. 

Transport systems analysis and planning. 

Radioactivity In the marine environment. 

Development of marine nuclear technology. 

Human health, healthfulness of food, biomedical 
research, and support of education. 

United States' participation In International 
organizations. 

Support of international fisheries commissions. 

Inter national marine policies. 

Foreign assistance and food resources for 
developing nations. 

Identification, acquisition, classification, and 
ecology of marine organisms; investigations of 
the geophysical factors of oceanic environment. 

Feasibility, design, and engineering of spacecraft 
and sensors for ocean observations. 



Policy ptann'ng and coordination; assistance to 
the President. 



Source: Marine SefenetAftikt I9€u. 

There are currently 8S Federally-operated institutions, principally the latter. At an example 

marine science laboratories distributed along our of the wide-spread activity, during the period from 

coasts and Great Lakes. Their distribution by 1963 through 1967 the National Science Founds- 

agency and State it shown in Table 7. In addition tion provided marine science support to 82 dit- 
to this in-house research effort, Federal agencies ferent Institutions in 38 States, 

contract for research from industry and academic 



Table 7. LOCATION AND NUMBERS OF FEDERAL LABORATORIES BY STATES 



State 


PHS 


BCF 


BSFAW 


USN 


ESSA 


OTHER 


TOTAL 


Alabama 


1 




1 








2 


Alaska 




2 




1 






3 


California 




7 


1 


6 




BuMines, USGS 


IS 


Connecticut 




1 




1 






2 
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Table 7 (Continued) 



State 


PHS 


BCF 


BSF&W 


USN 


ESSA 


OTHER j 


1 TOTAL 


District of 
















Columbia 




2 




1 




Smithsonian, 


8 














CERC, SOSC. 
















NODC, CGOU 




Florida 




4 


1 


2 


3 




10 


Georgia 




2 










2 


Hawaii 




1 




1 






2 


Louisiana 




1 










1 


Maine 




1 










1 


Maryland 




1 




4 


1 




6 


Massachusetts 




2 










2 


Michigan 




2 






1 


Lake Survey 


4 


Minnesota 




1 








FWPCA 


2 


Mississippi 




1 








USCE 


2 


New Jersey 






1 








1 


New York 








1 






1 


North Carolina 




2 










2 


Oregon 












FWPCA 


1 


Pennsylvania 








2 






2 


Rhode Island 


1 




1 


1 




FWPCA 


4 


Texas 




1 










1 


Virginia 








2 


1 




3 


Washington 


1 


3 


1 




2 


FWPCA 


8 


Totats 


3 


34 


6 


22 


8 


12 


86 



Abbreviations 



PHS • Public Health Sendee 
BCF « Bureau of Commercial Fhberie t 
BSF&W • Bureau of Sport Fleherles and WiWIifa 
USN * United State* Navy 

ESSA * Environmental Sciences Sendee* Administration 
Bu. Mint* » Bureau of Minn 

Source: Append ; % F , Utrin* Science A tftfn, 1066. 



USGS * US. Geological Survey 

CERC * Coattal Engl nearing Rate arch Center 

SOSC • Sm'theonlan Oceanographic Sorting Center 

NOOC • National Oceanographic Oata Center 

COOU « Coatt Guard Oceanographic Unit 

FWPCA • Federal Water Pollution Control AdmlnHtrttloo 

USDS * US. Corp* of Engineer! 



The Fedcril Government hat established special (he trouble lay within the mechanism itself: its 
committees to coordinate and plan the total member agencies frequently sought to insure that 
National marine science effort. Until the formation their own activities were not compromised by 
of the Marine Council, the mechanism was the committee action. The defects stemming from 
Interagency Committee on Oceanography of the outside were the judgment of oceanographic pro- 
Federal Council for Science and Technology. The grams in the parent department's priority se- 
Interagency Committee on Oceanography and, quenee; it meant that agency commitments and 
more recently, the Marine Council have made interests, when placed fa) a departmental decision 
serious attempts to formulate and put in being a framework, changed fat the departmental budget 
National oceanographic program. process. 

The Interagency Committee on Oceanography However, by far the most serious defect was the 
mechanism was effective for the exchange of fact that each agency was responsible to a dif* 
information but seriously defective In devising and ferent Congressional appropriations committee. 
Implementing a coherent National program. Part of Program coherence could not be maintained 
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through the Congressional appropriation process. None of this alters the fact, however, that the 
The Marine Council has been able to do somewhat competition of the science marketplace determines 
better in the formulation of National goals and which programs are funded, and to what extent, 
programs. Being a cabinet level coordinating and Many scientists have no real kr iwledge of howto 
planning mechanism chaired by the Vice President, operate effectively within the system. Conversely, 
it has had some success in providing a substantial those who are aware of its complexities, its rules, 
amount of leadership, and within the executive and its procedures are in a better competitive 
branch programs have retained their coherency, position. 

However, it has had no more success than the Although it is far from a perfect system, this 
Interagency Committee on Oceanography in pro- competition is at the heart of the vigor of our 
viding cohesiveness of programs through the Con- marine science enterprise. Given intelligent, knovd- 
gressional process. edgeable management within the Federal agen- 

Confronting this mare of the Federal market- cies-management with a broad view of the needs 
place is the marine scientific community, as of science in the Nation-the enterprise can con- 
complex and diverse as the Federal structure it tinue to prosper under this system. Because of the 
would interest in its programs. influence wielded by a very few Federal managers, 

Ocean science is where one finds it; it is found every effort should be made to Insure continuation 
in such prestigious institutions as Woods Hole of wise, dedicated management at this level. 
Oceanographic Institution, Scripps Institution of Scientists, almost to a man, not only approve 
Oceanography, and Lamont Geological Observa- but applaud the diversity characterizing the fund- 
tory; in such vital and growing centers such as Ing of the science effort. They view with out- 
Oregon State University, University of Miami, and spoken alarm anything which to them smacks of 
University of Washington; in such smaller labora- centralization. 

lories of specialized competence as the Chesapeake The fragmentation of the system, howerer, 
Bay Institute of Johns Hopkins University and the brings complaints of a lack of flexibility to deal 
Duke University Marine Laboratory. with emerging basic science problems. The Ns- 

Some of the best research in the field it done at lion's scientists foresee the need for large sea and 
institutions distinctly removed from the main- shore based facilities, requiring large capital out- 
stream of rrutine science such as Yale University lays, which the splintering of the present market 
and University of Chicago. The number of institu- makes it difficult to supply. They foresee an era of 
tkms involved in the field has grown by leapt and “big science," and they tee in the present system 
bounds. Interagency Committee on Oceanography no mechanism capable of meeting its demands. 
Publication 30 lists 6$ schools which now offer The marine science enterprise is in a period of 
curricula in the msrine sciences. 1 adolescence. The signs are everywhere. Marine 

The scientific community, too, has its organize- scientists spend much time trying to define what 
tions for the exchange of information and the they are. They see a unity in all ocean science, but 
exercise of concerted action. At the apex of these this unifying concept hat yet to weld a single 
bo'tes are the Committee on Oceanography of the strong scientific society which can represent their 
National Academy of Sciences, and the National views or provide a suitable coherent forum for the 
Academy of Engineering Committee on Ocean exchange of ideas or presentation of publications. 
Engineering. The fisheries and biology oriented marine sden- 

The prestigious platforms of the National this belong lo the American Society of Limnology 
Academies offer the scientific community a means and Oceanography, the physical oceanographers 
to make its opinions known and its influence felt and marine geophysicists are organized principally 
in the highest councils. It criticizes, reviews, and within sections of the American Geophysical 
recommends. Federal agencies are extremely tenth Union, and the marine technologists in the new 
the to viewpoints expressed through Acad- and growing Marine Technology Society. These are 



emies. 
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but institutional symptoms of some of the prob- 
lems troubling the science -the lack of rapport 
between the scientist and technologist, the split 
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Table 8. DOCTORAL CANDIDATES AND DEGREES GRANTED AT 29 INSTITUTIONS 



WITH OCEAN SCIENCE CURRICULA 



Academic Year 


1960-1 


1961-2 


1962-3 


1963-4 


1964-5 


1965-6 


1966-7 


1967-8' 


Pti.D. Candidates Enrolled 


76 


185 


284 


289 


382 


463 


499 


590 


Ph.D, Degrees Granted 


27 


30 


27 


42 


60 


61 


73 


136 



’Anticipated. 



R^rc^^ld M * r ' n ' Resesfch ' Education, and Facility, National Council on Marina 



between the physical and geophysical ocean* 
ographers on the one hand and the marine biology 
and fisheries oceanographers on the other. There is 
a growing awareness of these dichotomies. These 
dichotomies worry scientists as they begin more 
fully to comprehend the interdependence of their 
disciplines and realize that the problems of thv 
estuaries, development of marine resources, en- 
vironmental observation and prediction, can be 
solved only by concerted effort of interacting 
disciplines. 

tf adolescence is measured by excitement and 
rapid growth, then the present state of marine 
science qualifies well for this appellation. The new 
excitement about the oceans has communicated 
itself quickly. The youth of our country go where 
the action Is and in their mind the action in 
oceanography is scientifically and intellectually 
exciting. An ever-increasing number of well quali- 
fied students are applying for courses In the 
marine sciences. Graduate schools in recent years 
have turned away far more qualified applicants 
than they have accepted; graduate training today is 
proceeding at unprecedented levels. Table 8 shows 
the rapid growth of doctoral candidates and 
doctoral degrees granted from i960 to 1968. 

The marine science enterprise, in comparison 
with a decade ago, is healthy, energetic and 
diversified, with the norma) stresses and strains 
that beset a vigorously growing field. 

However, the Nation's current financial sttesses 
are beginning to inhibit growth at a time when the 
enterprise at the academic institutions is on the 
verge of full flower, 

At a measure of the levelling off of the financial 
support for marine science the growth in research 
funds during the past five years of two of the 
largest agencies which have traditionally supported 
bade marine science research at academic Institu- 
tkms-the Office of Naval Research and the 
National Stance Foundation-were examined. 



This growth is shown in Table 9. Since 1963 the 
rate of growth has decreased from 7.3 per cent to 

Table 9. NAVY AND NATIONAL SCIENCE 
FOUNDATION OCEANOGRAPHIC RESEARCH 



FUNDING 

Total Research Funds 
(In millions of Collars) 





Navy 

CRP' 


NSF 


NSF 8t 
Navy 


Change 


1963 


22 


13.6 


35.6 


2.6 


1964 


24 


14.2 


38.2 


1965 


28.6 


16.7 


41.2 


3.0 


1966 


28.5 


17.3 


43.8 


2.6 


1967 


27.0 


18.1 


45.1 


1*3 


1968 


27.0 


19.2 


46.2 


1.1 



'Contract Research Program. 



2.2 per cent. The amount spent by these two 
agencies over the year* is shown in Figure 2. The 
period of rapid growth of the first half of the 
decade of the 60*s has stopped. 

The momentum attained over the past decade 
must be maintained for at least as long as 
necessary to place the activity on a stable, higher 




plateau that will underpin a total national marine 
affair* program. 
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Chapter 3 Basic Science-Key to Understanding Our Planet 



The spirit which has carried us to rugged mountain 
peaks, remote polar Ice caps, and distant reaches 
of outer space now propels us to the ocean deeps 
This spirit is fortified with a confidence developed 
by past contributions of science that we will not 
only conquer the ocean deeps, but will use them in 
satisfying the needs of our society. 

Hubert H. Humphrey 
Vice President 

The fundamental challenge and motivation for 
science is to expand man’s understanding of 
himself and his environment. Society supports the 
scientist’s quest for basic knowledge because its 
citizens share his curiosity and his faith that this 
knowledge will yield unforeseen advances In the 
quality of their lives. Our physical home is a 
composite of interacting earth, sea, sun and air, 
and an understanding of the oceans as a major link 
In the indivisible whole b vital to any real 
comprehension of the planet . 

The oceans represent the dominant feature of 
our physical environment. They were the cradle of 
life and their basins were linked, in ways not yet 
fully understood, to the arrangement of the 
continents. Many of the world’s secrets may 
therefore be expected to lie locked In or under the 
oceans. 

While studies aimed toward illuminating the 
fundamental riddles of ocean science have been 
receiving Increased attention and support, the 
origins of this Nation's Interest In the seas have 
been largely pragmatic, and there continues to be a 
tendency to require at least a prospect of tangible, 
economic payoff from most of the scientific 
work. This requirement must not be pervasive. 

It b cur view, and we wish to express it as 
dearly and forcefully as possible, that under* 
standing our planetary oceans b itself a vital goal 
of the marine science effort, and one whose 
cogency b borne out fat any historical perspective. 

Science bom of disinterested intellectual curios- 
ity b not designed for specific gain, but it hat 
produced, with compelling regularity, applications 
which have literally changed the face of the earth. 
Man tried to know and measure the nature of the 
stars and the planets long before mariners used 
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them to navigate by. Knowledge of the relief o f 
the deep ocean bottom, at first pursued for purely 
scientific reasons, was soon sought for practical 
applications such as trans-ocean telegraph cables. 

We see clearly the necessity for attacking the 
problems of resource management and develop- 
ment, of environmental prediction, or those 
associated with National security, but only dimly 
the need for the knowledge to come from the 
pursuit of our intellectual curiosity. In fact, the 
temptation to concentrate on the solutions to 
specific, near-term problems is almost over- 
whelming. 

A program of basic marine science directed 
toward the understanding of our whole planet 
must be regarded as a National investment of our 
scientific and intellectual resources with utility 
above and beyond its Immediate return It must 
also be regarded as the sound way to guarantee 
that the United States has, at all times, a pool of 
talented and knowledgeable manpower upon 
which to draw in hours of danger to our physical 
or economic health, or our National security. 

The oceans have traditionally been a highway 
of commerce, a source of nutrition, and an area of 
struggle. In the future, use of the oceans as a 
source of raw material wilt increase, marine foods 
will play an increasing role in nutrition, and it 
seems certain that the oceans will remain an area 
of power struggle. The nation must maintain its 
reserves of marine scientists and marine expertise 
at a level equal to the many problems likely to 
face us, as the seas become more important to ail 
of the nations of the world. With increasing 
frequency, crisis situations require the trained 
marine specialist, as, for example, the search for 
the submarine Thresher, the search for the nuclear 
bomb off Spain, and the cleanup of the Toney 
Canyon oil spin. 

How should the marine science community 
organize for its share of the total task of planetary 
understanding! 

In the light of our traditions, of the nature of 
the scientists, and of our National history of 
scientific achievement through freedom of inquiry, 
H b Hear that regimentation b not the answer. 
Scientific activity gravitates quite naturally to the 
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of greatest challenge and need. It should be the earth’s core, that the ocean ridge system is an 
out inclination to support the ackntist interested integral part of this process, 
in the basic problems of understanding the plane- The theory of continental drift was set forth 
tary oceans and to provide the institutional, dearly by the meteorologist Alfred Wegener in 
facility, and Federal support necessary to his 1912,' It remained largely uncredited in the 
work. United States untd the 1960's because nobody 

What are some of the problems that our could account for any energy source capable of 
scientists find ripe for study) The nature of the moving masses as large as continents. Now, largely 
earth's evolution is not understood, nor why the due to the work of geophysicists and geochemists 
continents have their shapes and locations, nor in the ocean and on the continents, a composite 
why the sea floor is rugged with ridges, seamounts, portrait hat begun to emerge, bared upon syste- 
and trenches. Scientists now believe that, given an rustic measurements of the thicknesses of ocean 
adequate quantity and quality of observations, an sediments, the magnetic properties of ocean voi- 
exptanaUon of these fascinating questions may be canic rocks, the geochronology of continental 
near. In studying them, a store of information rocks, the heat flow through the ocean floor.* 
about the sea floor and its composition can be The case has yet to be proven and the details of 
acquired for a multitude of uses which today the mechanics yet to be understood. Scientists 
cannot be foreseen. 

Scientists are coming increasingly to believe 
that our continents have drifted to their present 
locations in response to the dynamic currents of 
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know what mml be measured and where. One of 
the fundamental puaales of the planet appears 
soluble. 

Much has been learned about the living crea* 
hires of the ocean; comprehension of the dy- 
namics of the food web of the seas is beginning, 
but many blind spots remain. Scientists are put- 
tied about life in the deepest parti of the ocean. 
They ask: how do animals living more than 2,000 
meters under the sea sustain themselves? The 
blomasa there is only a miniscule fraction of that 
fat the shallow, illuminated layers where the 
world's fish are harvested. There may well be no 
fhh crops worth seeking at those depths. Yet, 
about 84 per cent of the ocean floor ties below 
2,000 meters, and a large part of the total 
nutrients in the ocean cyde through this tone. The 
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temperature is stable and cold; the tempo of life, a 
crawl. There are no photosynthetic plants. The 
supply of energy into the food web comes from 
above. There is virtually no information on the 
rate at which organic matter it delivered, or its 
division for consumption among bacteria, bottom- 
living animals or fish. If use of the deep ocean it 
anticipated, it is necessary to build our under- 
standing of the fundamental processes which occur 
there. Will they be used for the disposition of 
radioactive and human wastes? Will man be work- 
ing and operating at such depths? At great depths, 
plants and animals selectively concentrate radio- 
active isotopes, b<ey become food for other 
animals which may go higher and in tum become 
food for commercial fish. The meager store of 
knowledge of this portion of the food web must 
be materially increased. The capability to study in 
these depths must be developed. 

Much has been learned of the chemistry of the 
oceans, but major mysteries remain. 

The ocean is a 3.S per cent salt solution contain- 
ing all the known naturally occurring elements. 
The major components and some of the minor 
ones are present in constant proportions through* 
out the world ocean. Despite the variable composi- 
tion of streams feeding the ocean, the constancy Is 
maintained by chemical reactions in the sea, both 
as the result of biological activity and interaction 
with detrital material. These processes have not 
yet been fully understood, although wdl thought- 
out models have been proposed. Some of the trace 
elements, including a few that are dearly funda- 
mental to life processes, show variation with depth 
and geography. The significance of these variations 



to large-scale processes in the ocean,' such as ocean 
circulation, biological productivity, and sedimenta- 
tion, have been guessed at but still remain obscure. 
When will such knowledge be required? 

Other classes of chemical species that have been 
studied in the last decade are the stable and 
radioactive isotopes. The differences in the abund- 
ances of the hydrogen and oxygen isotopes in the 
ocean can be related to formation of water types 
and oceanic circulation. Radioactivity can be used 
to study oceanic processes because of its clocklike 
nature. 

Numerous radioactive isotopes, both naturally 
produced or man-made, have been used to eluci- 
date the mechanisms of ocean water movement, 
both in surface and deep waters, and the kinetics 
of air-sea interaction. Scientists believe the pursuit 
of such studies will teach more about the nature of 
the oceans as a fluid. The applications of such 
studies cannot be foreseen today; but no one 
doubts that there will be applications. 

And what can the oceans tell us of climate? 
Scientists today appreciate the profound influence 
of the oceans upon the dimates of the world; they 
are just beginning to understand the coupling 
between the oceans and the atmosphere, but they 
do not fully understand how the influences are 
propagated. A sound theory of dimate would 
account for ice ages of the past and possibly of the 
future. 

A complete understanding of the Ocean must 
Include the study of the remains which 
civilizations have left us In the sea. New tech- 
nology holds great promise for more efficient 
underwater search: side scanning sonar, metal 
detectors, and Improved seismic and three dimen- 
sional mapping techniques are already In use and 
are being improved. 



If oceanography is the study of the sea in all its 
aspects, then marine archeology, being the physi- 
cal record of man and the sea, must be an essential 
part of the discipline and should have risibility in 
any comprehensive program. 

The 1 e questions-and others could as well be 
propounded-go to the heart of our comprehen- 
sion of the origin, dynamics, and changes in planet 
Earth. The search for answers will be difficult, but 
it will have lasting consequence for the Nation and 
all humanity. It is a challenge that must be met 
with a vigorous National program. 

'To probe the mysteries of the sea" was 
identified by President Johnson as the first goal of 
his proposal for an International Decade of Ocean 
Exploration. Since science is inherently an inter- 
national concern and the planetary oceans affect 
and interest us all, it is appropriate that advances 
in understanding the fundamental characteristics 
cf the ocean environment should be achieved as a 
cooperative, international effort. The proposed 
Decade is one mechanism by which a fruitful 
program can be organized to achieve this.* 



Recommendation: 

The Nation should establish as a major goal the 
advancement of an understanding of the planetary 
oceans as a principal focus for Its bade marine 
science effort. The proposal by President Johnson 
for an International Decade of Ocean Exploration 
is an excellent concept through which this mq|or 
goal can be achieved. 



* tilery ttornl DtttJt of Oct m Explcntkm. Report 
by the NattoAil Council on Msrtoe Resources and 
Cnatneettni Development, 1961. 



Chapter 4 Basic Science- Key to Action 



We are just at the threshold of our knowledge 
of the oceans . Already their military importance, 
their potential use for weather predictions, for 
food and for minerals are evident . Further research 
will undoubtedly disclose additional uses. 

Knowledge of the oceans is more than a matter 
of curiosity, our very survival may hinge upon it. 

Basic research is the cornerstone on which the 
successful use of the seas must rest . 

John F. Kennedy 
March 29, 1961 

In approaching its task of defining the role of 
basic science in the National marine effort, the 
Panel was confronted with the question: Basic 
science for what purpose? 

A certain amount of effort must be devoted to 
the understanding of the processes of the oceans if 
only to insure the availability of knowledge about 
one of the most important areas of National 
activity. 

An equally pressing and more immediate need 
quickly became apparent: the realization that the 
principal programs advocated by the Commission 
as the very core of the Nation’s thrust into the sea 
would be seriously impeded-and in some cases so 
limited as to be defeated-by ignorance of specific 
types of basic oceanic processes. In many parts of 
these programs, acquiring this fundamental knowl- 
edge represents the only hope of success. 

The programs advocated by the Commission go 
fo the heart of important segments of National life. 
Among them are plans for dealing with the 
management and development of our estuaries, 
coastal waters, and Great Lakes, of our living and 
mineral resources, for the use of the seas for 
National security and the monitoring and predic- 
tion of the ocean environment. 

A determination was sought as to how the 
programs were limited by scientific knowledge, 
and to attempt to make the Nation aware of those 
areas which need radical acceleration. 

I. BASIC SCIENCE AND THE NEAR SHORE 

WATERS 

The effective use of coastal and estuarine zones 
and the Great Lakes is among the most urgent 



marine problems facing the Nation. The Comn is- 
sion calls for the institution of an improved system 
for the rational management of these vital areas. 

Near shore waters and the Great Lakes and 
their adjacent waterfront lands are some of the 
most valuable in the Nation. They have a great 
variety of uses: transportation, shoreline develop- 
ment, recreation, the recovery and exploitation of 
living and mineral resources, National defense, 
wildlife preservation, and waste disposal. 

The Panel Report on Management and Develop- 
ment of the Coastal Zone investigates in detail 
the problems arising from the many uses of these 
zones. 




Figure 6 . ' Degradation of shore area due to 
uncontrolled pollution , Fine lias County. 

Florida. (Federal Water Pollution Control 
Administration photo ) 

From the viewpoint of basic science, the 
conflicts among uses and users of these areas are 
many and of increasing severity. One cannot 
expect to dredge gravel from the right-of-way of a 
submarine pipeline, to plant stakes for a fish trap 
in a shipping lane, or to water ski in a gunnery 
range. Adjudicating conflicting claims to the uses 
of these valuable areas is difficult at best, but a 
prerequisite for any rational use is an understand- 
ing of the consequences of one use on others. In 
many cases the necessary knowledge is not aval 1 
able. It is here, in the management of these zon 
that the greatest urgency for action in the face 
insufficient knowledge appears. 

A. Changing the Shape of the Coast 

Man’s technology has given him the power to 
reshape his coasts, and he has used it extensively 
and, for the most part, well. The record of the 
past, however, will not satisfy the needs of the 
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future. Natural land and seascapes, the wetlands 
that serve as breeding grounds for fish, and the 
beaches are being eroded both by nature and man. 
It is necessary to predict more precisely the 
consequences of nature's actions and man's; to do 
this, substantial strides in tuc science are re- 
quired. 

Keeping coasts and harbors in repair and 
developing them is an unending challenge. Approx- 
imately two-thirds of our coastline is considered 
poorly protected or endangered, 1 despite the fact 
that the Nation has invested substantial sums of 
money in their upkeep. 

The Corps of Engineers has developed 500 
commercial harbors with depths up to 45 feet, 250 
for small craft, and has improved 23,000 miles of 
intracoastal and inland waterways. Since 1946, the 
Corps has undertaken more than 100 projects 




Figure 7. Texas coast hurricane surge model . 

Hydraulic model constructed to a scale of 
1:100 vertically and 1:3,000 horizontally is 
being used to determine the most suitable 
plan for hurricane surge protection for the 
Texas coast. Tides and tidal currents are re * 
produced in model by tide generator located 
in Gulf of Mexico portion of model. Hurri- 
cane surges are reproduced by horizontal 
displacement surge generator. (Army Corps 
of Engineers photo) 

designed to stop beach erosion at a total cost of 
$237 million, of which the Federal share was $94 
million. As severe storms battered our shores, 
$361 million-$253 million of it Federal funds— 
have been invested in hurricane protection under 
Corps of Engineers direction since 1958. 2 



1 Annual Report of the Corps of Engineers , Vol. II, 
1966. 

2 From information furnished the panel by Brigadier 
General H. G. Woodbury, Jr., Director of Ovil Works, 
Office of the Chief of Engineers, Oct. 9, 1967. 



Tables 10 and 11 show the level of Federal 
effort in the estuaries and Great Lakes. 



Table 10. ESTUARIES 
(in millions of dollars) 





Estimated 
FY 1967 


Estimated 
FY 1968 


Smithsonian Institution. . 


i 


i 


Department of Commerce . 


2.0 


0.6 


Atomic Energy Commission 


0.3 


0.3 


Department of 






Transportation .... 


i 


l 


National Science Foundation 


0.6 


0.6 


Department of Health, 






Education, & Welfare 2 . . 


3.6 


1.4 


Department of the Interior 


19.9 


23.4 


1. Bureau of Commercial 






Fisheries 


(8.6) 


(9.3) 


2. Geological Survey 


0.1) 


(1.2) 


3. Bureau of Sport Fisheries 


(4.3) 


(5.1) 


4. Federal Water Pollution 






Control Administration 


(3.8) 


(5.0) 


5. Office of Saline Water . 


(0.8) 


0.0) 


6. National Park Service . 


(1.4) 


0.8) 


Department of Defense . . 


3.9 


4.6 


1. Department of the Army 


(1.9) 


(2.2) 


2. Department of the Navy 


(2.1) 


(2.2) 


Total 


26.6 


29.4 



1 Less than $50,000. 

2 Includes $2.1 million In construction In FY 1967. 
Sou rce: Marine Science A f fairs, 1 968 . 



Much more needs to be known about the 
physical processes that shape our coastlines and 
estuaries: how, for instance, combinations of 
waves, tides, and Currents affect depositon and 
erosion; the sources of beach sands, and when and 
how it is naturally removed from beaches; and the 
effects of storm surges. 

Simulation of observed conditions through the 
construction of hydraulic scale models and mathe- 
matical models will improve predictions of the 
effects of change. 

More needs to be known of the marine organ- 
isms and biological processes of the coastal zones. 
Detailed information on the food web, tolerances 
of each species to environmental change, and the 
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Table 11. GREAT LAKES 
{In millions of Hollars) 





Estimated 
FY 1967 


Estimated 
FY 1968 


Department of Commerce . 
Department of 


0.1 


0.1 


Transportation .... 


0.0 


0.0 


State Department . . . 


1.0 


1.0 


National Science Foundation 


.2 


.2 


Department of Interior . . 


3.3 


2.9 



1. Bureau of 



Comm. Fisheries 


(1.5) 


(1.8) 


2, Bureau of Sport Fisheries 


(0.3) 


(0.3) 


3. National Park Service 


i 


(0.1) 


4. Federal Water Pollution 






Control Administration 


(1.5) 


(0.7) 


Department of Defense . . 


2.5 


3.6 


1. Department of the Army 


(2.4) 


(3.5) 


2. Department of the Navy 


(0.1) 


(0.1) 


Total 


7.1 


7.8 



1 Less than $50,000. 




Figure 8. Scripps oceanographic model tank 
for simulating waves and other ocean phe- 
nomena is an example of the unique labora- 
tory facilities required for oceanographic 
research. (University of California photo) 

if 

distribution and abundance of organisms must be 
obtained to make the most effective use of this 
rich region. 

Lack of basic understanding prevents the effec- 
tive use of near shore waters. On the one hand, the 
ill effects of our actions cannot be foreseen in 
time to correct them; on the other, when irre- 
versible harm might occur, we do not know how 
to prescribe the right amount of corrective action 
and are forced to base regulations on the most 
conservative estimate of probabilities. The sotution 



of engineering problems suffers from the lack of 
knowledge of the dynamics of inshore water 
movements. There is no theory suitable to describe 
the turbulent motion of water particles in the surf 
zone, nor can our instruments accurately measure 
currents in this area. 

In the process of altering our land and water for 
beneficial purposes, man frequently produces 
catastrophic side effects. Dredging is carried on for 
a variety of reasons: 

-Creation and maintenance of navigable channels 
and inlets for commercial and recreational use; 

-Creation of useful property, marinas, recrea- 
tional areas; 

-Improved flushing action in bays, and estuarine 
creeks; 

-Commercial mining of sand and gravel. 

It is not only what is done along the shores that 
affects coasts and beaches, action far upstream 
may have drastic consequences. The flushing of 
minor embayments within estuaries is heavily 
influenced by seasonal fluctuations in salinity, 
largely through natural changes in river flow. 
Regulation and evening-off of river flow may 
prevent flushing action and allow a buildup of 
predators which rob shellfish beds of much of 
their richness. Basic research in microscale estua- 
rine circulation must continue if predictions of the 
effects of our actions in regulating the flow of 
rivers are to be made. 

A classic example of side effect has been the 
invasion by the lamprey eel 3 when the upper 
Great Lakes were opened to the sea possibly as 
early as the opening of the first Welland Canal, in 
1833, and certainly by the time of the deepest 
(and fourth) canal in 1932. The eel brought a 
cycle of biological change which has already 
destroyed most of the lake trout. Immigration of 
alewives into Lakes Erie and Michigan and their 
large populations has resulted in the shores of 
Lake Michigan being littered with millions of dead 
alewives. Furthermore, a new ecological balance 
has yet to be reached. 



3 The Spread of the Sea Lamprey Through the Great 
Lakes, Huobs ana Pope, Transactions of the American 
Fisheries Society, 66, 1937. 
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Knowledge resulting from research has, on 
repeated occasions over the years, eased strains 
between fishermen and companies exploring for 
oil reserves off the Gulf and West Coasts. 

The geophysical surveys needed to evaluate the 
oil-bearing potential of an area involve the use of 
explosives. Fishermen, fearing massive fish kills, 
have protested vigorously when surveys were 
imminent. Extensive research to determine where 
the damage threshold lay showed the lack of 
danger to the fishing interests, by the use of 
animal cages recovered after demonstration shots 
Explosions were also timed not to interefere with 
fish migrations. The balance between the needs of 
the geophysicist and the safety of marine popula- 
tions was preserved. 

In light of the large investment made by 
Federal, State, and local governments to shaptf our 
coastlines and estuaries to our needs, the present 
effort devoted to acquiring the fundamental 
knowledge of near shore and estuarine processes is 
inadequate. 

Recommendation: 

Each Federal agency concerned with near shore 
waters should devote 8 considerably higher per 
cent of its funds to basic research in the physical 
processes which shape our coastlines and estuaries. 
This will insure the availability of essential knowl- 
edge necessary to plan and implement programs 
for their protection and preservation. 

B. Polluting the Waters 

Man has brought profound upheaval in the 
natural balance of our environmental forces, an 
upheaval which perils his own well-being today, 
and which, unless current trends are reversed, will 
pose even greater danger tomorrow. 

Usually, these disturbances are the result of 
gradual accumulation or modification-the build- 
ing of cities, clearing of forests, plowing of 
prairies, leveling of dunes, the addition of flush 
toilets, the use of leaded gasoline or agricultural 
chemicals, and disposal of industrial wastes. They 
can consist of dissolved, suspended, or floating 
material. They can be thermal, by augmentation of 
the heat content of the water mass through its use 
as a cooling liquid. Or they can result not from 
artificial additions to the environment but from 
artificial subtractions; the diversion of fresh water 



can lead to increased salinity in an estuary, with 
resulting changes in the biota. 

Normally such environmental changes are grad- 
ual and reversible by ceasing the activities that 
generated them. The estuaries and the G.eat Lakes 
where the drainage of the land is finally delivered 
are seriously affected by waterborne pollution. 




Figure 9. Assorted debris, including a float' 
ing dock, polluting Cuyahoga River, near 
Cleveland (Federal water Pollution Con trot 
Administration photo) 

Attack on the problems of pollution must be 
accompanied by an increased level of basic re- 
search on the dynamics of esluaiine waters, on the 
identification of specific pollutants and the tracing 
of their effects, both on individual species and on 
ecosystems, and on the mechanisms whereby 
organisms in the estuarine ecosystem take up and 
accumulate various kinds of pollutants. 

Numerous examples can be cited where the lack 
of basic knowledge has created intolerable condi- 
tions. The introduction of modern agricultural 
chemicals has created problems in our estuaries 
and Great Lakes. 4 Runoff of excess fertilizers 
contributes an over-supply of nutrients; runoff of 
herbicides and pesticides is toxic to marine organ- 
isms. Even when the level of concentration in the 
water is low, the pesticide can be successively 
concentrated as it moves through the food web. 

The fact that, unlike municipal and industrial 
pollutants, agricultural pollutants do not originate 
at a point source adds to the complexity of the 
problem. 

The problem of marine pollution cannot be 
solved in isolation from the more general pioblem 
of wider waste management and control. A par- 
ticularly comprehensive document in this regard is 
the National Academy of Sciences’ study, “Waste 



*Great Lakes Restoration- Review of Potentials and 
Recommendations for Implementation, Research Report 
to the Commission by Pacific Northwest Laboratories of 
the BatteUe Memorial Institute, June 1968. 
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Management and Control," 5 which points to the 
need for consideration of the total problem and all 
the possible alternatives offered. 

Whatever ultimate solutions are proposed for 
the nation to combat the entire spectrum of 
environmental pollution, key elements of knowl- 
edge must be available on the processes in our 
estuarine and near shore environments. 

Reiommendation: 

The Nation should undertake a much enhanced 
program of basic research into the dynamics of 
estuarine waters, the Identification of specific 
pollutants and the tracing of their effects, both on 
Individual species and ecosystems, and on the 
mechanisms through which organisms in the estua- 
rine ecosystem take up and accumulate various 
kinds of pollutants. 

C. Fish Habitats 

As pointed out in "Changing the Shape of the 
Coast" and "Polluting the Waters," one of the 
principal uses of the near shore environment which 
conflicts violently with other uses is the harvest 
and natural breeding ground of some of the most 
valuable shellfish and finfish. Table 12 lists the 
large number of sport and commercial species of 
Atlantic finfish which are estuarine dependent. 6 



5 Waste Management and Control, National Academy 
of Sciences-National Research Council, Pub. No. 1400, 

1966. 

6 American Littoral Society, Spec. Pjo. No. 5, 1967. 



In addition, the very valuable shrimp and shellfish 
industry is estuarine dependent. 

The conservation and management of our fish- 
eries Js vitally dependent upon our knowledge of 
these iwgions as habitats. The elationship of the 
biota to physical changes in their estuarine en- 
vironment constitutes a major problem. The over- 
lapping, often contradictory needs of this popula- 
tion require careful research on the habitat 
preferences of each species or ecosystem under 
consideration. Natural disturbances often have 
catastrophic effects upon marine populations. 
Mass mortalities often result from sudden changes 
in salinity, temperature or the depletion of 
oxygen. 

Further, the changes likely to be wrought by 
such engineering activities as constructing drainage 
systems, dredging channels and disposing of spoil, 
building seawalls and jetties and stabilizing dunes, 
all require investigation. 

On the other hand, modification by man to 
alleviate environmental stress, while impractical in 
the open ocean, can be accomplished in the more 
limited confines of the estuary. Thermal changes 
resulting from the operation oi power plants or 
desalination facilities may be used beneficially; 
breakwater construction, creation of artificial 
reefs, dredging operations and river flow control 
all may serve to enhance and augment the estua- 
rine and near shore habitat. 

Such information as the Nation needs cannot 
be obtained over the short term. If we are to 



Table 12. IMPORTANT ESTUARINE-DEPENDENT ATLANTIC GAME AND COMMERCIAL FISH 1 



Adults found mostly In 
the estuaries, some 
only seasonally 


Adults found partially 
in the estuaries, some 
only seasonally 


Adults found mostly 
along the 
open coast 


Flounder (winter flounder or 


Striped bass (rockfish) 2 


Bluefish 


blackback) 


Fluke (summer flounder) 


Tautog (blackfish) 


Spotted trout 


Porgy (scup) 


King whiting 


Tarpon 


Weakfish (squeteague 


(kingfish) 


Croaker (hardhead) 


or white trout) 


Alewife (river herring) 2 


Snook 


Red drum (redfish or channel 


Shad 2 


Spot (lafayette) 


bass) 


Atlantic mackerel 


White perch 2 


Black drum 


. Menhaden (bunker pogy) 




Mullet 


Black sea bass 



^he three categories represent a rough approximation of habitat preference of adult fish. 

2 

Anadromous species: Living as adults in salt or brackish water but spawning in fresh or nearly fresh water. 
Source: Ffsh and Man, American Littoral Society, Spec. Pub. No. 6, 1967. 
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understand the effects of change upon fish habi- 
tats, we need natural laboratories In which we can 
study the rhythms and relationshipsgoverning the 
physical and biological environment of the estua- 
rine zones, over a period of time. 

Untouched estuarine and near-coastal zones are 
rapidly disappearing. It is urgent that the Nation 
set aside and preserve a sufficient number of such 
estuaries to provide the natural laboratories re- 
quired to generate the information and under- 
standing that will increasingly be needed. This 
information will have predictive value essential to 
evaluation of the possible effects of planned 
environmental changes and will also provide in- 
sight for the correction of existing adverse condi- 
tions. 

The National Academy of Sciences Committee 
on Oceanography recommended the establishment 
of large scale laboratory facilities for study of the 
survival requirements of young fish and shellfish. 7 
In a letter to the panel, the Committee reviewed 
its previous recommendation and reiterated its 
view. 

Unspoiled study areas must be set aside for 
permanent scientific use. As many as five such 
preserves will be required: one in the cool water 
regions and one in the warm water regions of both 
East and West Coasts and one on the Gulf Coast. 

Recommendation: 

Specific representative sites should be selected for 
careful, prolonged study to permit the accumula- 
tion of basic knowledge essential for under- 
standing the statics and dynamics of the coastal 
regime. 

II. DEVELOPMENT OF LIVING RESOURCES 

The living resources of the sea have historically 
been a staple of man’s diet. Today, the technology 
of catching and marketing fish has revolutionized 
the ways in which the riches of the sea are 
harvested. 

The National policy implications for, and the 
role of United States fisheries in the context of 
these rapidly-changing conditions are treated ex- 
tensively in the report of the Panel on Marine 
Resources. This panel, therefore, has sought to 

7 Oceanography 1966 , National Academy of Sciences, 
National Research Council, Pub. No. 1492, 1967. 



learn whether basic science problems exist which 
are critical to the expansion of our national 
fisheries, 

It is generally admitted that providing food for 
a burgeoning population is one of the n.ost critical 
problems facing mankind over the next 20 years. 
The quality and very existence of human life for 
millions of persons depend upon its success, and 
man must turn to the oceans for part of the 
answer to this vital question. 

The report of the Panel on the World Food 
Supply of the President’s Science Advisory Com- 
mittee listed as its first basic conclusion: 8 

The scale , severity , and duration of the world food 
problem are so great that a massive , long-range, 
innovative effort unprecedented in human history 
will be required to master it. 

Fish is consumed in a number of ways: indi- 
rectly in enormous quantities, both in the United 
States and abroad, through the medium of fish 
meal used in the production of poultry and pork; 
and directly, as a source of protein. Although it 
does not appear that the sea can supply the needed 
increase in carbohydrates, food from the sea can 
help supply the badly needed increased amount of 
protein. Among the sources of food additives now 
being developed are leaf and oil protein, fish 
protein concentrate, and cultured marine algae. 
Presently, the animal protein additives contain the 
largest number of badly needed essential amino 
acids. 

Fish protein concentrate production has begun 
but there are numerous problems to be solved in 
adapting the process to other species. Further, if it 
is to be used in the tropics, the technology must 
be developed for making FPC from multiple- 
species catches. 

For all these reasons, the problem of insuring 
adequate supplies of raw fish is of critical concern, 
especially in the face of fish stocks which are finite 
in size. 

A. Fisheries— Traditional and New 

Efficient management of traditional fisheries 
depends upon the Nation’s adding to its basic 
understanding. Particularly needed is an under- 

8 77i€ World Food Problem , Report of the President’s 
Science Advisory Committee. 1967. 



standing of the relationships between environ- 
mental conditions and infancy and egg survival for 
ma iy of the stocks. 

Science must come to understand the inter- 
action of competitor-predator systems, the study 
of the dynamics of multi-species systems under 
predation. For example, the replacement of the 
commercially important Pacific sardine by the less 
valuable anchovy was apparently the combined 
result of a highly selective fishery and natural 
environmental change, the interactions of which 
are not understood. 9 



Better correlations between environmental con- 
ditions and fish abundance, when accompanied by 
better monitoring and prediction of those condi- 




Fijure 10. Global scientific expedition 1967. 
Modem oceanographic observations are utiliz- 
ing complex electronic instruments such as 
this salin itytemperature-dep th sen sor. A l- 
though more costly than classical instruments, 
these instruments portray more accuracy and 
realistic measurement of the actual ocean 
structure. (ESS A photo) 



9 Population Biology of Pacific Sardine (Sardinops 
caerulea), Murphy, Proceedings of the California Acad- 
emy of Sciences, fourth series, Vol. 34, No. 1, July 1966; 

numerous publications of the California Cooperative 
Fishery Investigations (Cal. COF1). 



(ions, should enable fishermen to work more 
productively and efficiently. 

“New fisheries' 1 are defined as those involving 
the harvesting either of species previously not 
exploited or of previously untouched stocks of 
species that are fished elsewhere. The most urgent 
requirement for scientific information in the case 
of a new fishery is for rapid means of stock 
assessment. There must be determinations of 
abundance, susceptibility to existing fishing tech- 
niques, and, for effective continued use, maximum 
sustained yield. Exploratory fishing may reveal 
potentially exploitable stocks, but basic studies in 
population dynamics are necessary to evaluate the 
long term value of a new fishery. Many experts 
believe the harvest of currently-exploited ocean 
fish can be quadrupled. 10 If the present 7,7 
per cent annual rate of increase of world landings, 
which has been maintained for more than a 
decade, continues this level will be reached in 20 
years, when many more stocks than at present will 
be exploited at near-maximum yields. 

There is, thus, an urgent need for the develop- 
ment of methods for fishery resource manage- 
ment, based on such modern technology as 
computer simulation models which will take into 
account, for each stock of fish, not only natural 
rates of reproduction and growth, food abun- 
dance, natural mortality, and the increased mor- 
tality caused by fishing, but also such economic 
factors as the operational effectiveness of different 
types of gear and processing and marketing costs. 
The fashioning of such models will require basic 
research, since simulation models are no better 
than our understanding of the interactions be- 
tween the processes they simulate. 

The use of an approach which fully considers 
the interactions among the marine organisms, their 
environment and modern technology, is essential 
for effective fisheries management. 
Recommendation: 

A continued and expanded effort be directed 
toward achieving a basic understanding of such 
key problems as fish population dynamics, the 
effect of environmental conditions on fish popula- 
tion, and the dynamics of multi- species systems 
under predation. 

10 The Potential Harvest of the Sea, M. B. Schaefer. 
Transactions, American Fisheries Society, Vol. 94, No. 2, 
April 1965. 



B. Aquaculture 



An entirely different set of requirements for 
basic research exists in aquaculture, the husbandry 
of aquatic organisms. Progress has been severely 
limited by lack of information on the genetics anu 
breeding of potentially valuable species, the food 
requirements of the juvenile organisms at various 
stages, the nature and treatment of disease, and 
optimum environmental conditions at different 
stages of growth. 

Although marine aquaculture holds limited 
promise for direct production of cheap protein 
food in the foreseeable future, the potential is high 
for food production through controlled feeding 
and selective breeding, and even for manipulation 
of the genetic makeup of marine species in 
culture. 11 

Great success In culturing fresh-water species 
has been attained In many parts of the world. 




FHju re >1. The advance of scien tific fish 
breeding h vividly shown by results obtained 
by Professor Lauren Donaldson of the Uni- 
versity of Washington. The small fish are 
two-year-old wild stock rainbow trout. The 
large fish is of the same stock and age but 
is the product of many years of selective 
breeding. (Photo by Professor Donaldson) 



Israel, for example, obtains from 40 to 50 percent 
of its fish from pond cultures. 41 Estimates for 
1960 from mainland China show annual fresh 
water fish landings at four million tons, half of 
which came from fish culture. 13 During the same 



1 The Status and Potential of Aquaculture, Ryther and 
Baidach, Report to the National Council on Marine 
Resources and Engineering Development by the American 
Institute of Biological Sciences, f968, Clearinghouse for 
Federal Scientific and Technical Information, Pub. No. 
PB 177 768. 

l2 Bamklgeh» Bulletin of Fish Culture of Israel, 19(2/3) 
June 1967. 

Economic Aspects of the Fishing Industry in Main- 
land 0\ina, Solecki, University of British Columbia, 1966. 



year, the total landings in the United States of all 
fish and shell fish destined for human consump- 
tion was under 1.3 million tons, 14 

Recent reports on the Columbia River hatchery 
program of the Bureau of Commercial Fisheries 
show the potential of this aspect of aquaculture. It 
is estimated that the Columbia River system 
contributed 28 million pounds of salmon to the 
1967 catch, an estimated 15 million pounds of 
which were from the hatchery operation. Cost 
benefit analyses show a ratio ranging from 2.5:1 to 
4.5:1 for fall Chinook runs and a high of 7.8:1 for 
coho. The figures are based mainly on the ex-vessel 
price of the commercial catch. 

BCF estimates that the hatcheries now operate 
at 65-85 per cent of capacity, and that with full 
capacity operation, plus modest investments In 
such equipment as automatic feeding devices, the 
hatchery contribution to the fishery could be 
doubled. Better understanding of selective breed- 
ing and optimum nutritional requirements of the 
young could bring production up to 50 million 
pounds per year. 15 

The farming of species spending all or part of 
their lives in salt water has been drastically limited 
by a lack of basic information. Only luxury species 
such as shrimp and oysters have been commer- 
cially cultured, but there are many encouraging 
indications in the field. Research at the University 
of Washington on salmonoid fishes has demon- 
strated the possibility of hundredfold increases in 
the size of cultured fish versus wild fish of the 
same species and age. 16 The short generation time 
and high fertility of most marine organisms make 
them good subjects for selective breeding. Just as 
we now breed hornless, short-legged beef that 
could not compete in nature, so the protection of 
cultured marine organisms against their natural 
predators will permit selective breeding for char- 
acteristics useful to man. 

It is important to establish viable aquaculture 
systems and there is sufficiently great long-term 
promise to warrant the following recommenda- 
tion. 



14 Marine Science Affairs, 1968. 

15 These data were provided by the hatchery evaluation 
program of Bureau of Commercial Fisheries. 

16 Selective Breeding of Salmonoid Fishes, Donaldson, 
Conference on Marine Aquaculture, Oregon State Uni- 
versity, Marine Science Center, May 1968 (in press). 
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Recommendation; 

Major new efforts directed toward the understand- 
ing of the reproduction, growth, and development 
of potentially exploitable marine organisms should 
be undertaken to provide the base of understand- 
ing and technology necessary to make the prod- 
ucts of aquaculture more available, 

III. DEVELOPMENT OF MINERAL 
RESOURCES 

The panel, mindful of the report of the Re- 
sources Panel, here confines its discussions to 
those aspects of resource development which are 
limited by the lack of fundamental knowledge. 
The Resources Panel has pointed out the growing 
contribution to the Nation’s needs for oil and gas 
and sulphur which are being made by offshore 
deposits, both along our own shoreline and the 
shorelines of other nations. It points to the need 
to start now to explore the potential of our 
continental shelves for the contributions to the 
Nation’s future needs for hard mineral resources. 

Mineral resource development Is not presently 
limited by a lack of basic understanding of mineral 
formation processes in the sea any more than on 
land. The principal limitations are in technology, 
exploration, and economics. The basic nature of 
the processes leading to mineral deposit* and oil 
accumulation appear adequately understood to the 
point where they concern location and exploita- 
tion of mineral resources under the sea. Further 
exploitation of these resources depends to a great 
degree upon the preparation of a complete inven- 
tory. The needs are for topographic, geophysical, 
and geologic mapping and charting. There is need 
for elucidating and portraying the details of the 
geological structure on the Continental Shelf and 
slope; the structure of these margins is incom- 
pletely understood. 

Except for the hot brines and their associated 
deposits in the Red Sea, the materials of potential 
economic importance presently known to exist on 
the deep ocean floors beyond the continental 
slope are the ferro-manganese nodules and 
crusts . 17 They also contain small percentages of 
copper, cobalt, and nickel, and these metals appear 



17 The Mineral Resources of the Sea, Mero, American 
Elsevier Publishing Co., 1965. 



to be of greater potential value than the dominant 
manganese or iron with which they are associated, 
The mechanism of formation of these deposits is 
obscure, and nothing is known about the processes 
that determine their content cf copper, cobalt or 
nickel. 

Because of the mineralogical dissimilarity to 
ores now being exploited on land, research on 
procedures for separating the metals in these 
nodules is required. 

Although hot brines like those of the Red Sea 
and the deposits associated with them have not 
been found in other regions of the ocean, the 
possibility that similar formations may exist in 
other regions of the mid-ocean ridge systems 
should not be overlooked . 18 Further studies of 
the elements and isotopes contained in the brine 
pools and their underlying sediments should be 
made for clues about their age and origin, a 
procedure which may facilitate the search for such 
deposits elsewhere in the ocean. 

The panel has recommended a much enhanced 
program of basic science directed at understand- 
ing our planet through research on the geology and 
geophysics of the ocean floor. (See ‘’Basic 
Science-Key to Understanding Our Planet.”) It 
feels that this effort will satisfy the basic science 
needs for the mineral resource development. 

As we have indicated, we support the objectives 
of the International Decade of Exploration 19 
proposed by the United States. These objectives 
include: 

Determination of the geological structure and 
mineral and energy resource potential of the 
world f s continental margins. 

Preparation of topographic , geological and 
geophysical naps of selected areas of the deep 
ocean floor. 

Coring and drilling on the continental margins 
and deep ocean floor in selected areas . . . . 

Investigations of evolutionary processes of 
ocean basins. 



18 Hydrographic Observations of the Red Sea Brines, 
Munns, Stanly, Densmore, Nature, Vol. 214, No. 5093, 
1967. 

19 International Decade of Ocean Exploration, Report 
by the National Council on Marine Resources and 
Engineering Development, May 1968. 



Recommendation; 

The basic science effort required to achieve the 
understanding of the planet (soe Basic Science- 
Key to Understanding Our Planet) should be 
supported as a necessary National effort to provide 
the basic geological and geophysical knowledge of 
the oceans required for the National program of 
marine mineral resource development. 

IV. ENVIRONMENTAL MONITORING AND 
PREDICTION 

All groups using the oceans have a commonality 
of needs for ocean and weather observations and 
predictions. One would be hard put to identify 
any marine activity not dependent upon such 
services, or whose operations could not be safer 
and more efficient if those services were improved. 
National defense, marine transportation, offshore 
gas, oil and mineral industries, fisheries, waste 
management, the protection of life and property 
along the shoreline, recreation-all have a vital 
stake in it. The need for an environmental observa- 
tion and prediction system, in fact, goes far 
beyond marine interests, since the oceans are a 
major determinant of the weather. Monitoring the 
marine environment involves the measurement of 
those environmental parameters which change 
with time. The physical parameters of the ocean 
and the atmosphere change and interact in com- 
plex ways, contributing to changes in the chem- 
istry and biota of the sea. 

The Panel Report, “Environmental Monitoring 
and Prediction,” considers in detail all aspects of 
the problem. In particular, it points out that 
significant improvements in our National ability to 
monitor the marine environment can be achieved 
by the application of available technology to the 
acquisition of data that describe the environment. 
However, even when there is available a complete 
description of the marine environment, the ability 
to predict its future state will still be dependent on 
the degree to which we understand the underlying 
physical processes. 

Three major problem areas requiring immediate 
expansion of basic research concern the inter 
change of matter and energy between sea and 
atmosphere, the dynamics of ocean currents, and 
the nature of the different scales of motion in the 
sea. 




Figure 12. This surface platform fs capable of 
being moored in deep oceans, collects over 
100 oceanographic and meteorological param * 
eters, andean trasmit them to shore stations 
2,500 miles away. (Navy photo) 

Recommendation: 

Extensive field experiments should be conducted 
to describe physical processes associated with 
ocean fluctuations. Parallel efforts in geophysical 
fluid dynamics should be mounted which can 
provide the theoretical and practical framework 
for the establishment of physical techniques for 
ocean prediction. 

The recommendation will be further elaborated 
in the next three sections. 

A. Air-Sea Interaction 

Many aspects of research in air-sea interaction 
are now beginning to receive attention. However, 
much more remains to be done. The most obvious 
interchanges between sea and atmosphere are 
those of water, heat, and momentum. Careful 
measurements of radiation, temperature gradients 
in the lower atmosphere and upper layers of the 
sea, precipitation and humidity in the air, salinity 
at the sea surface, and the formation and break up 
of sea ice, can lead to understanding of the 
mechanisms of these major exchanges. 



There are, however, many other types of 
exchanges between oceans and atmosphere, some 
exceedingly subtle in their requirements for obser- 
vations, all of which need to be studied in detail. 
Energy is - transferred from wind to ocean as 
kinetic energy of waves and currents, and although 
techniques are available for forecasting the ocean 
surface waves and currents resulting from inter- 
action with a wind field, they are still semi- 
empirical. Non-linearity of the interactions, and 
the stochastic nature of the processes involved, 
make wholly theoretical solutions extremely dif- 
ficult to formulate. 

Severe storms, particularly tropical hurricanes, 
may greatly modify the ocean layers over which 
they pass, mixing the surface layers to produce 
profound temperature and salinity changes. Con- 
versely, tropical hurricanes are generated solely 
over the ocean surface and deteriorate rapidly over 
colder water or land. 

Solid particles are likewise exchanged between 
the sea surface and the atmosphere. Solid nuclei 
play important roles in cloud physics, and their 
absence may be a limiting factor controlling 
precipitation. Some of these nuclei originate from 
salt spray; other atmospheric particles originating 
as teirestrial or cosmic dust form a significant 
fraction of pelagic oceanic sediments. 

Gases interchanged between the atmosphere 
and the sea surface form still another category of 
material involved in air-sea interaction. A detect- 
able secular increase of atmospheric carbon 
dioxide has been traced to industrial combustion 
of coal and petroleum, raising the question of 
what effect this might have on the dissolved 
carbon dioxide content of the ocean. 

A broad attack on the theoretical and tech- 
nological problems of providing adequate world 
wide meteorological information is now being 
planned and coordinated by the World Meteoro- 
logical Organization under the designation of the 
World Weather Program. 20 As part of this activity, 
undertaken jointly with the International Union of 
Geodesy and Geophysics and the Intergovern- 
mental Oceanographic Commission, the World 
Meteorological Organization is planning a Global 
Atmospheric Research Program. The Intergovern- 



20 World Weather Watch -the Plan and Implementation 
Programme , World Meteorological Organization, May 
1967 . - 



mental Oceanographic Commission is embarked 
upon an “Integrated Global Ocean Station 
System 1 * which is the ocean analogue of the World 
Weather Program. Both of th^se programs call for 
a much expanded effort to understand the inter- 
action between the ocean and the atmosphere. 

Parallel activity is being initiated by all in- 
terested agencies of the United States Government 
and university groups. The first series of com- 
prehensive sea-air interaction field experiments 
are scheduled for the summer of 1969 off 
Barbados. 21 

Critical importance attaches to the understand- 
ing of the interaction between ocean and atmos- 
phere, on the one hand for predicting the state of 
the oceans and on the other for predicting the 
state of the atmosphere. 

Recommendation: 

The Nation should continue to place a high 
priority on comprehensive field experiments to 
understand air-sea interaction processes. 

B. Dynamics of Ocean Currents 

Ocean currents may be superficially likened to 
the winds of the atmosphere, but except for the 
trade winds they are significantly different in their 
persistence and behavior. In the temperate and 
p ..'r regions of the earth, regions of low pressure 
tend to drift from west to east around the earth, 
bringing with them weather patterns that com- 
monly persist only for a few days. The wind at any 
given locality in these regions may blow north for 
several days, and south for the following days. 
Ocean current systems, at least on an oceanic 
scale, persist season after season in the same 
geographical areas. The meridional advection of 
heat by these persistent ocean currents has far- 
reaching effects on climate and fluctuations in the 
transport of these current systems are very likely 
one of the main causes of variations in average 
temperature, rainfall, and other meteorological 
characteristics of most of the earth’s surface. 



21 Plan For a Major Field Experiment in Support of the 
Federal Air-Sea Interaction Program , Report to the Joint 
ICO/ICAS Panel on Air-Sea Interaction by the Sea-Air 
Interaction Laboratory, Institute of Oceanography, U.S. 
Environmental Science Services Administration, March 
1967 . 




Figure 13. Florida Gulf Stream. Typical 
meandering of the Gulf Stream is evident by 
color contrast and Sargasso weed accumula- 
tions at the Stream margins. The darker color 
represents the warmer Gulf Stream water. 

The photo represents the usefulness of 
photogyaphv in differentiating some oceanic 
features. (NASA photo) 

Recent observations have shown that the pat- 
tern of permanent ocean currents near the Equator 
in all the oceans is highly complex. There are 
broad equatorial currents, flowing westward in a 
manner that would be expected as a response to 
the westward component of the trade winds on 
both sides of the Equator. But, in addition, an 
intricate system of powerful equatorial counter- 
currents exists at the surface and at relatively 
shallow depths below the surface. Although var- 
ious mathematical models have been proposed to 
account for these current systems, at best we have 
only approximate steady state models. 

Attack on the problems of predicting fluctua- 
tions in major ocean currents will require both 
an extensive series of field observations to describe 
their actual behavior in nature and research in 
geophysical fluid dynamics to account for the 
observed properties of the currents in terms of the 
inputs of thermal and wind energy on a rotating 
earth. 

Extensive efforts, both observational and 
theoretical, have been carried out in recent years 
by various government agencies and private scien- 
tific institutions. The ability to mount meaningful 
observational programs in the ocean as well as to 
develop theoretical models has increased markedly 
in recent years. There have been substantial 
international collaborative efforts to study ocean 
current systems such as the International Coopera- 
tive Investigation of the Tropical Atlantic and the 



Cooperative Study of the Kuroshio and Adjacent 
Regions.” These efforts should be intensified; the 
time has come to marshal the Nation's scientific 
and technological capabilities to plan comprehen- 
sive attacks on outstanding problem of ocean 
circulation dynamics, both in the field and in the 
laboratory. 

Recommendation: 

The Nation should undertake a series of systematic 
investigations into the oceans' current systems to 
study their dynamics through cooperative field 
investigations, marshalling at one time multiple 
ship, buoy, and aircraft arrays, as well as an 
expanded effort in the theoretical and mathe- 
matical modelling of such systems. 

C. Scales of Motion 

Superimposed on the great river-like flow pat- 
terns of oceanic circulation and tending to obscure 
their details whenever observations are closely 
spaced, either in distance or in time, is a complex 
pattern of smaller scale motions. Some of this 
motion is associated with internal waves on inter- 
faces between layers of differing density. Some of 
it takes the form of eddies and gyres with 
dimensions ranging from meters to hundreds of 
kilometers. Such motion appears to be responsible 
for most mixing in the sea . 2 3 

Studies of the characteristics of these motions 
have revealed that appreciable energy is involved, 
whatever the frequency or scale investigated. 
Further investigation of these motions, by direct 
observation, by operation of hydraulic models, 
and by computer simulation, is needed to account 
in detail for the mechanisms by which they are 
produced and by which energy is transmitted from 
one type to another. 

This problem is fundamental, not only to the 
ability to understand oceanic processes in order to 
begin to simulate these processes mathematically 
as well as in the laboratory, but to determine the 
nature of the sampling intervals required for ocean 



22 

Established by Intergovernmental Oceanographic 
Commission Resolutions H*7 and III-5 respectively. 

23 Organized Convection in the Ocean Surface Layer 
Resulting from Slides and Wave Radiation Stress, Kraus, 
Physics of Fluids, Vol. 10, No. 9, pt. 2, 1967. 



observation networks whose data will be the basic 
input for ocean and weather prediction tech- 
niques. Recommendations to the Federal Govern- 
ment have been made consistently by the National 
Academy of Sciences Committee on Ocean- 
ography 24 and the President’s Science Advisory 
Committee , 25 with little response. The time has 
come to take action. With the decision of the 
Government to move forward with a major ocean 
buoy development program under the aegis of U.S. 



M Oceanography 1966 , National Academy of Sciences* 
National Research Council, Pub. No. M92, 1967. 

^Effettivt Vte of the Sea, Report of the President's 
Science Advisory Committee, 1966. 



Coast Guard, the time is at hand when technology 
will permit a major assault on the problem. 

Recommendation: 

There should be initiated as soon as possible 
well-defined program to study oceanic scales r 
motion and such a study should be one of th. 
early foci for the test of the elements of t 
National buoy program. 
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Chapter 5 Basic Marine Science and National Security 



Historically, the security of the Nation has been 
fundamentally tied to the ability of its Navy to 
operate effectively in and under the sea, over all of 
the oceans of the world. The basic marine science 
effort of the Nation has been crucial in main- 
taining naval capabilities abreast and ahead of any 
potential enemy. The Navy's operations are so far 
flung, so complex, that there is hardly an area of 
marine science which does not bear directly on the 
effectiveness of its operation. It has been the 
agency which, out of self interest, has fostered and 
supported by far the largest fraction of basic 
marine science research in this Nation. It has 
cc ducted its stewardship well. It is largely 
through the support of the Office of Naval 
Research that the Nation's eminence in basic 
marine science was developed. 

The Office of Naval Research, which directs the 
Navy's basic science research effort, has, since its 
creation in 1946, played a historic and unique role 
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in the Nation's science growth. It has been notable 
for sponsorship of long-term studies. It has also 
provided ships for the use of its contract institu- 
tions, and has, in general, supported a broad 
spectrum of basic research in all sciences. Its 
programs have done much to bring the Navy to its 
present state of scientific excellence. 

The Navy of tomorrow may well operate in a 
context which a generation ago would have ap- 
peared implausible. It may include operational 
underwater habitats, deep submersibles and com- 
plex structures on the ocean bottom. 

The Navy today is engaged in an imaginative 
man*in-the-sea program, designed to demonstrate 
that its forces can not only survive but work 
effectively in an underwater habitat and overcome 
progressively the depth and other environmental 
limitations on such operations. It is concurrently 
engaged in developing a capability not only to 
operate deep submerged vehicles but to conduct 
rescue operations on a world-wide basis. It is also 
engaged in the development of buoys and buoy 
systems as means for sensing and recording ocean- 
ographic data of significance to basic research as 
well as to naval operations. 

These programs are typical of areas in which 
the Navy will continue to develop, in addition to 
more traditional roles. 

Aspects of National security are Involved in 
many of the areas considered In the panel's report, 
particularly In environmental monitoring and pre- 
diction. In addition to the matters discussed, many 
other aspects of bask research are important to 
the Navy. 

In its 1967 report, "The Navy's Ocean Science 
Program, the Navy named eight areas considered 
worthy of research in the interest of National 
defense: ocean dynamics, air-sea interaction, 
oceank chemistry, benthic boundary studies, sea 
floor topography and sediment, crustal and sub- 
crustal composition, oceank biology, and under- 
water sound. It added that the emphasis will 
change from year to year, "as our realization of 
potential application grows." 



1 fhe Oct** Science fYoyrtm of the U S S'ery. Office 
of the Oceanographer of the Nary, 196?. 
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Still other areas will shortly be ripe for further 
research effort, if in fact they are not already. 
Amcng them are hyperbaric physiology of mam- 
mals, soil science and technology, and further 
understanding of turbidity currents. Numerous 
others might be mentioned. 

It is certain, in our view, that the effectiveness 
of the Navy of tomorrow will be determined in 
considerable part by our level of scientific under- 
standing of the marine environment, and that all 
aspects of basic science in this area a. e of concern 
to it. 

In the light of this assessment, the panel urges 
strongly that the Navy maintain the broadest 
possible view of its obligations to support basic 
marine science. 

Recommendation: 

The Department of Defense should continue to 
recognize, as it has In the past, the vital nature of 
all aspects of basic marine science research to its 
naval missions, and adopt the broadest possible 
view of its obligations to Insure that the National 
bask marine science effort meet not only its 
short term needs but future requirements for 
marine Information. It also should continue to 
function as one of the cornerstones for the 
support of the Nation's bask marine science 
effort. 



The ability to see, detect, or destroy the 
underwater enemy depends fundamentally upon 
an understanding of energy propagation through 
water and the effect upon such energy propagation 
by the ocean bottoms, the air-sea interface, etc. 
Electromagnetic energy such as light, radar, and 
radio waves is quickly attenuated in the ocean. 
Acoustical energy is known to propagate over long 
distances in water. The capability to develop 
techniques and equipment which will enable use of 
acoustical energy as a basis for detection depends 
on knowledge of how the ocean structure affects 
such energy propagation. 

This has been an area of basic science to which 
the Navy has given prime attention and its 
detection capabilities are formidable. The im- 
portance of the problem cannot be overstated. The 
panel, recognizing the extensive effort maintained 
by the Navy in the field of underwater acoustics, 
nevertheless feels that understanding of the effect 
of the boundary between air and water, in terms 
of acoustic reflections and refractions as well as 
the effects of the bottom topography and the 
inhomogeneities of water masses, can be signif- 
icant! y improved through additional research. 

Recommendation: 

The Navy should maintain and, as required, 
expand its underwater acoustic research program. 
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Chapter 6 Technology and Marine Science 



Science and technology are reciprocal spurs. 
Joined in proper measure, they can bring mutual 
advances of enormous import. In marine science, 
because of the difficulty of operating in the 
oceans, the relationship must be closer than in 
many other fields of science. Technology makes it 
possible to sample the deep ocean bottom, live and 
work in the oceans, and acquire the data that 
science needs for its marine effort. Yet, in general, 
basic science and marine technology have failed to 
achieve the level of partnership necessary to the 
advancement of many fields of marine science. 

It is true that outstanding examples can be 
cited, such as the use of deep drilling techniques 
for exploring the geophysical structure of the 
ocean bed. Yet examination of the activities at 
major ocean science laboratories in the academic 
community and in some Federal laboratories shows 
only marginal attention being paid to provision of 
the kind of modern engineering support which the 
growing problems in ocean science require. On the 
other hand, there is a vigorous marine and general 
engineering competence in industry but, for rea- 
sons not always easy to understand, that com- 
petence has not generally been directed toward the 
solution of basic science problems. 

In their prepared statement at the panel’s 
hearings, Dr. R. A. Ragotzkk and C. H. Mortimer, 
University of Wisconsin, said: 

The schism between natural scientists end engi- 
neers must be bridged by processes of education of 
both groups and by a recognition by fund granting 
organizations that engineering talents arc needed 
in many environmental research activities. 

The report of the Panel on Marine Engineering 
and Technology has addressed the problems of the 
need for technology in the National marine science 
program, giving extensive descriptions of the ad- 
vances to be expected in the next decade. This 
report focuses upon the needs of the scientist for 
technology. 

The total development of marine science has 
suffered from a faiure to provide the propet kinds 
of engineering support. Too few engineers have 
been brought into the Held to work on bask 



marine science problems, although much of the 
engineering and technology being developed for 
other reasons is susceptible to marine science use 
today. 

The lack of adequate engineering development 
skills specifically associated with basic research is 
limiting development in some areas. In physical 
oceanography, for instance, Professor Henry 
Stommel of the Massachusetts Institute of Tech- 
nology, said in a statement at the panel’s hearings: 
“I don’t think that either scientists or engineers 
realize the time and funds needed for good 
engineering in ocean instruments.” 

Besides retarding (he rate of progress in field 
experimentation, this deficiency is costly. In the 
fields of space or communications, it would be 
considered unthinkable to deploy expensive opera- 
tions without properly engineered equipment of at 
least reasonably assured dependability. In marine 
science, however, it is not unusual to expect a high 
failure rate for equipment. 

The panel is struck by the number of key 
technological developments now under way which 
will have a radical impact on the kinds of specific 
problems it will be possible to attack, as well as on 
the manner in which bask science itself Mill be 
conducted. Several of these developments will 
bring within reach an approach to problems whkh 
previously could only have been attacked at 
forbidding cost, or not at all. For example, the 
sophisticated modern sonar ought to be used more 
for blologkil research. The background noise so 
troublesome to the Navy is often primary data to 
the biotogkal oceanographer. 

Data-sensing unattended buoys, in the next 
decade, will finally put oceanography in a position 
to describe the physkal state of the seas and 
enable scientists to understand their fluctuations 
and to test theories for their prediction. The buoys 
also hold potential for the measurement of bio- 
logical and chemkal constituents of the oceans. 
While today the sensor systems for the automatk 
measurement of biotogkal and chemkal vatiabks 
are limited, their development is clearly going to 
occur. Once operational, the data they produce 
may revolutionize understanding of biological 
processes in the ocean and the relation of those 
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processes to the changes of the physical environ- 
ment. 

The development of oceanographic-sensing 
earth-orbiting satellites is now under way. They 
will, over the next decade, have the capability of 
measuring such surface conditions as temperature 
and sea state, providing an entirely new method of 
global assessment of these conditions. 

Technological developments in deep ocean 
drilling pioneered by the oil industry are being 
used in the Ocean Sediment Coring Program, 
funded by the National Science Foundation, to 
provide deep cores of the crust, with attendant 
studies of the oceans’ geophysics and geology. 

The use of deep submersibles can lead to 
important scientific results now obtainable, if at 
all, only with great difficulty from surface vessels. 
A submersible equipped to make temperature- 
gradient measurements in marine sediments could 
obtain better data faster than a fleet of surface 
craft lowering probes on long wires on the present 
hit-or-miss basis. A submersible capable of making 
a systematic traverse of the Mid-Atlantic Ridge, 
say just south of Iceland, taking magnetic and 
gravity readings and drilling short cores to sample 
the rocks could convert sea floor spreading from a 
theory to an accepted scientific principle (or to an 
outmoded hypothesis). An under-ice penetration 
by submersible below the Antarctic ice sheet could 
bring back in a few weeks more data on the 
biological conditions in this unique habitat than 
could be obtained by months of sampling through 
holes drilled through the Ice. 

There is no question that technology will give 
us a capability for the operation of manned 
underwater habitats, which can be used for the 
study of ecology and animal behavior in the 
marine environment. 

The way in which wc operate our ocean- 
ographic research vessels is undergoing rapid and 
continuing change. On-board automatic data 
processing is becoming feasible and total systems 
for automated data acquisition through on-board 
analysis of tesutts will speed tremendously the 
efforts of scientists at sea by the <limination of 
long waits for feedback. 

Technological developments clearly will have a 
pervasive impact upon basic marine science-yet 
the bask science community h failing to have a 
simdar impact upon the field of marine tech- 
nology. Except fat isolated cases, the mnrine 




Flgurt 15. JR imagery of Gulf Stream, Nimbus 
ll high resolution infrared imagery clearly de* 
pic is the Gulf Stream . Temperature values 
were determined by microdensitometer . 

Nimbus JR imagery can be very useful in do 
termintng the location, distribution, and 
movement of major ocean k ater masses 
Studies of this nature k ill be of great value 
to oceanographers, meteorologists , and the 
world's fishing and shipping industriet 
(NASA photo) 




flfurt 15. Retrieving i eotef from the sea 
bottom Corn showing Hie retrkai structure 
of bottom sediments up to SC feet Mow the 
ocean floor hart been obtained These cores 
art vW to detetmP* At history of geohgk 
proettset (National Science Foundation 
photo; 
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science community seems to be wilting simply to 
use whatever technology is available. Basic marine 
science has important needs for special technology 
and should recognize the fact and make those 
needs known. It should further foster, within its 
own laboratories or through close working arrange- 
ments with industry, the development of tech- 
nology needed for undertaking basic research. For 
example, technological development should be 
fostered in the handling of biological and geologi- 
cal samples, data processing, remote sensing ! nstru* 
ments, and specialized sampling devices. 

Basic scientific inquiry into the nature of the 
oceans is important enough to warrant the en- 
couragement of technological development in key 
areas purely for the achievement of basic under- 



standing. On ihe basis of this conviction, and in 
the light of the present degree of separation 
between technology and basic marine science, the 
panel strongly urges the following: 

Recommendation: 

Efforts should be initiated to increase participa- 
tion of the private sector in instrument develop- 
ment and other marine engineering work. The 
major academic institutions should establish, or 
insure access to, groups with advanced engineering 
competence to work closely with marine science 
groups. Some technology development should be 
encouraged purely for the achievement of a better 
understanding of the oceans. 



